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1. 

Los tumores de mama de la perra son los más frecuentes en las hembras de la especie canina. En Estados Unidos, su incidencia es 
de 198/100.000/año, pero allí la castración temprana, que tiene efecto 
protector sobre el desarrollo de estos tumores, es una práctica habitual. 
Esto no sucede en España, y además, se utilizan progestágenos sintéticos 
para controlar las manifestaciones del estro en la perra, productos que 
inducen la aparición de tumores de mama. Por todo ello, la incidencia 
de los tumores de mama de la perra en España es, muy probablemente, 
mayor que en Estados Unidos. 
 Algo menos de la mitad de los tumores de mama de perra tienen 
comportamiento biológico maligno y, en muchos de ellos, las células 
tumorales tienen receptores de progesterona. En la mujer, un elevado 
porcentaje de carcinomas de mama tiene receptores hormonales y en 
esos casos se utiliza el tratamiento endocrino de forma rutinaria como 
adyuvante o neoadyuvante a la cirugía porque la respuesta clínico-
evolutiva es muy favorable pero en la perra no se utiliza este tipo de 
tratamiento.
 La progesterona y los progestágenos sintéticos inducen la 
proliferación del epitelio glandular mamario mediante su unión al receptor 
de progesterona y se ha comprobado, tanto en estudios in vivo como in 
vitro de algunas especies, incluyendo la canina, que los antiprogestágenos, 
1. Introducción y objetivos
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Estudiar los efectos in vivo del antiprogestágeno aglepristona sobre la proliferación de carcinomas de 
mama caninos con expresión inmunohistoquímica de 
receptores de progesterona.
Estudiar la expresión del receptor de progesterona completo y de sus isoformas A y B en muestras 
de tejido fijadas en formol e incluidas en parafina de 
carcinomas de mama caninos mediante RT-qPCR. 
Estudiar in vivo la relación entre los efectos del antiprogestágeno aglepristona sobre la proliferación 
de carcinomas de mama caninos y la expresión de las 
isoformas A y B del receptor de progesterona analizada 
mediante RT-qPCR.
Estudiar los efectos in vitro de los antiprogestágenos mifepristona y onapristona sobre la proliferación de 
la línea celular de carcinoma de mama canino CMT-U27.
1
compuestos que bloquean las acciones de los progestágenos naturales 
y sintéticos mediante su unión competitiva al receptor, bloquean esta 
acción. Sin embargo, en la perra no se han analizado los efectos de los 
antiprogestágenos sobre los tumores de mama ni in vivo ni in vitro.
La hipótesis de partida de este trabajo es que el bloqueo del  receptor 
de progesterona disminuye la proliferación de las células neoplásicas del 
carcinoma de mama canino.  
 Para analizar la bondad de la hipótesis, los objetivos concretos 
planteados fueron los siguientes:
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2. 

2.1. El carcinoma de mama canino
2.1.1. Características epidemiológicas y clínico-evolutivas
La importancia de los tumores mamarios caninos radica en su elevada incidencia. Para la mayoría de los autores representan el 50%, 
aproximadamente, de los tumores que padecen las hembras de la especie 
canina y su incidencia es de 200 por 100.000 perras en riesgo (Dorn y 
cols., 1968; Schneider y cols., 1970; Schneider y cols., 1976; Bostock y 
cols., 1986; Madewell y Theilen., 1987; Misdorp y cols., 1999; Arnesen 
y cols., 2001; Sorenmo y cols., 2013). Recientemente se han publicado 
datos que revelan diferencias geográficas en la incidencia de los tumores 
de mama de la perra y que parecen estar relacionados con la influencia 
que las hormonas ováricas tienen en el desarrollo de estos tumores. Así, 
la incidencia en el Reino Unido, donde es frecuente la ovariohisterectomía 
en edades tempranas, es de 205 casos por 100.000 perras (Dobson y 
cols., 2002) mientras que en Suecia la incidencia es de 111 casos por 
10.000 perras ya que esta práctica quirúrgica es poco frecuente (Egenvall 
y cols., 2005). Desafortunadamente, en España no disponemos de datos 
sobre la incidencia de tumores mamarios en perras aunque es muy 
probable que las cifras sean cercanas a las de países como Suecia pues la 
ovariohisterectomía no es una práctica demandada de forma rutinaria y 
generalmente sólo se lleva a cabo en aquellas circunstancias en las que el 
veterinario la recomienda por motivos médicos. 
 
2. Revisión bibliográfica
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Los tumores de mama se presentan clínicamente como 
nódulos únicos o múltiples localizados dentro de la 
glándula mamaria (Figura 1A). La presentación como 
nódulos múltiples ocurre en más de la mitad de los 
casos, y pueden desarrollarse de manera simultánea 
o subsiguiente, asociados al pezón, o lo que es más 
frecuente, inmersos en el propio tejido mamario. La 
perra tiene 5 pares de glándulas mamarias, y todas 
pueden desarrollar uno o más tumores benignos o 
malignos. Entre el 65 y el 70% de los 
tumores de mama caninos ocurren en 
los pares 4 y 5, probablemente debido 
al mayor volumen de tejido glandular 
mamario que hay en estas glándulas 
(Sorenmo y cols., 2013). 
 Una excepción a esta forma de presentación 
clínica de los tumores de mama en la perra es el 
denominado carcinoma inflamatorio 
(Figura 1B) que es el más grave 
de todos ya que presenta un curso 
clínico fulminante y una supervivencia 
extremadamente baja (Pérez-Alenza y 
cols., 2001; Peña y cols., 2003a; Peña y cols., 2003b). 
Se observa una inflamación difusa que afecta a parte 
Figura 1. 
Tumores de 
la mama 
canina. 
Carcinoma 
de mama en 
una perra.
A
Carcinoma 
inflamatorio 
bilateral en 
una perra.
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de una cadena mamaria, a toda una cadena, o incluso a parte de las dos 
cadenas mamarias. La presencia de úlceras y el dolor son frecuentes. 
Además, puede haber edema en la extremidad o extremidades 
adyacentes. Este cuadro clínico en ocasiones se confunde con una 
mastitis y puede ser tratado erróneamente. En ocasiones también se 
describen coagulopatías en perras con carcinoma inflamatorio. (Susanek 
y cols., 1983; Pérez-Alenza y cols., 2001, Marconato y cols., 2009; 
Sorenmo y cols., 2013).
 
 Los tumores malignos pueden metastatizar a los nódulos linfáticos 
regionales, por lo que la exploración clínica de una perra con tumores 
mamarios debe incluir siempre el examen de los nódulos linfáticos 
regionales. Dado que los tumores se localizan con mayor frecuencia en 
los pares 4 y 5, los nódulos linfáticos afectados con mayor frecuencia 
son los inguinales superficiales. Si éstos están aumentados de tamaño 
a la palpación, entonces se debe hacer un tacto rectal para explorar los 
ilíacos internos, ya que puede haber ocurrido diseminación hasta ellos, y 
radiografía o ecografía abdominal para evaluar el estado de los nódulos 
linfáticos sublumbares (Madewell y Theilen, 1987; Sorenmo y cols., 2013).
 
 Además, los tumores malignos pueden desarrollar metástasis a 
distancia, siendo la pulmonar la más común, que se diagnostica mediante 
radiografía de tórax en un 25-50% de las perras con carcinoma de mama 
(Hedlund, 2007). También pueden ocurrir metástasis en hígado o riñón 
(Madewell y Theilen, 1987; Sorenmo y cols., 2013), incluso pudiendo 
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ósea, aunque no es frecuente (Cooley y Waters, 1998).
2.1.2. Factores de riesgo
Los principales factores de riesgo en el desarrollo del carcinoma de mama canino son los factores constitucionales (sexo, edad y raza) y 
los factores relacionados con la reproducción. Otros factores de riesgo 
más controvertidos o menos estudiados son la dieta, la exposición a 
radiaciones, la historia familiar y los antecedentes individuales de lesiones 
mamarias benignas o malignas. 
 
 Las neoplasias mamarias caninas son casi exclusivas de las hembras 
(Brodey y cols., 1983; Madewell y Theilen, 1987, Saba y cols., 2007; Bearss 
y cols., 2011), y la edad media de presentación es de 10 - 11 años para los 
tumores malignos y algo menor para los benignos (Schneider, 1970; Bostock, 
1986; Madewell y Theilen, 1987; Sorenmo y cols., 2013). Se ha descrito 
una mayor incidencia en algunas razas puras de pequeño tamaño como 
Caniche, Chihuahua, Yorkshire terrier, Maltés y Cocker spaniel (Sorenmo 
y cols., 2013) pero algunas razas grandes, como Boxer, Pastor alemán o 
Springer spaniel inglés, también tienen mayor riesgo de desarrollar este tipo 
de tumores (Goldschmidt y cols., 2001; Egenvall y cols., 2005; Itoh y cols., 
2005). Sin embargo, el factor de riesgo más importante es la exposición 
del parénquima glandular mamario a las hormonas ováricas, estrógenos y 
progesterona (Schneider y cols., 1969; Giles y cols., 1978; Misdorp, 1991; 
Rutteman, 1992; Støvring y cols., 1997). 
13
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 Se ha comprobado que la ovariectomía temprana tiene un intenso 
efecto protector sobre el desarrollo de tumores de mama tanto benignos 
como malignos y que este efecto protector disminuye con el número 
de ciclos que haya tenido el animal antes de la castración o incluso 
desaparece si la ovariectomía tiene lugar después de los 4 años de edad 
(Schneider y cols., 1969; Misdorp y cols., 1988). También se ha observado 
que la administración prolongada de  hormonas ováricas, de forma clínica 
o experimental,  aumenta el riesgo de desarrollar tumores mamarios. Así, 
La administración prolongada de acetato de 
medroxiprogesterona y de proligestona a perras jóvenes 
aumenta el riesgo de desarrollar tumores y el efecto es 
dependiente de la dosis y de la regularidad o irregularidad 
del tratamiento (Misdorp, 1991; Støvring y cols., 1997). 
También se ha observado que las dosis bajas de 
progestágenos aumentan el riesgo de desarrollar tumores 
benignos mientras que la combinación de estrógenos y 
progestágenos aumenta el riesgo de desarrollar tumores 
malignos (Geil y cols., 1977; Giles y cols., 1978; Kwapien y 
cols., 1980; Concannon y cols., 1981; Selman y cols., 1995).
En estudios de toxicidad en perras Beagle se ha 
observado que los progestágenos provocan lesiones en las 
mamas, pero los estrógenos no (Rutteman, 1992). 
En los tratamientos con progestágenos sintéticos y con 
progesterona se ha observado, 1º, que el tratamiento 
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son reversibles; 3º, que el tipo de lesión desarrollada es 
dependiente de la dosis, puesto que las dosis bajas producen 
hiperplasias y displasias y solo las muy altas producen 
tumores; y 4º, que los tumores que se desarrollan con más 
frecuencia son benignos (Giles y cols., 1978; Misdorp, 1991; 
Misdorp, 2002). 
El riesgo de desarrollar tumores malignos aumenta 
después de la administración experimental de estrógenos 
combinados con progestágenos a dosis altas o si las drogas 
usadas tienen una actividad combinada estrógenos - 
progesterona (Giles y cols., 1978; Kwapien y cols., 1980). 
Así, la administración prolongada de dosis altas (125 x 
dosis humana) de 19-Nortestosterona indujo la aparición 
de cáncer de mama en el 40% de las perras enteras así 
tratadas (Misdorp, 1991). Por el contrario, las combinaciones 
estrógenos - progesterona a dosis bajas parecen ofrecer 
cierto grado de protección (Misdorp, 1991).
 Finalmente, las dietas ricas en grasa y la obesidad parecen 
aumentar el riesgo de desarrollar tumores de mama en las perras, sobre 
todo cuando se administran en el primer año de vida (Sonnenschein 
y cols., 1991; Pérez-Alenza y cols., 1998; Pérez-Alenza y cols., 2000), 
mientras que la exposición a radiaciones no parece aumentar la 
incidencia de tumores mamarios, aunque sí su aparición a edades 
15
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más tempranas (Andersen y Rosenblatt, 1969; Moulton y cols., 1970; 
Moulton y cols., 1986; Benjamin y cols., 1999). 
 
 En medicina humana, la existencia de algunos tipos de displasia 
como la hiperplasia atípica y del carcinoma in situ (CIS) se considera un 
factor importante de riesgo para padecer posteriormente un carcinoma 
infiltrante (Page y Dupont, 1990). En perras también se han descrito 
este tipo de patologías mamarias y, al igual que sucede en la mujer, 
se ha sugerido que podrían ser un factor de riesgo sobre la incidencia 
ulterior de los tumores malignos en el mismo animal (Moulton, 1990; 
Antuofermo y cols., 2007; Mouser y cols., 2010; Sorenmo y cols., 2013).
 
 Las alteraciones genéticas específicas involucradas en el 
desarrollo de los carcinomas de mama caninos, y su grado de 
participación en dicho desarrollo, son muy poco conocidas en el 
momento actual, aunque están realizándose estudios cuyos resultados 
están empezando a reflejarse en la literatura. Así, el estudio de 
genotipos y los análisis de expresión génica y proteica indican que hay 
varios genes involucrados en el desarrollo de los tumores de mama 
caninos incluyendo el c-erbB-2 (Ahern y cols., 1996; Rungsipipat y 
cols., 1999; Martín de las Mulas y cols., 2003; Gama y cols., 2008), 
el gen supresor de tumores p53 (Chu y cols., 1998; Veldhoen y cols., 
1999), los genes inhibidores de quinasas p21 y p27 (Klopfleisch y cols., 
2009) y los genes BRCA1 y BRCA2 (Rivera y cols., 2009; 2011). Un 
reciente estudio ha relacionado la presencia de mutaciones en el gen 
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mama caninos (Borge y cols., 2013).
 
2.1.3. Diagnóstico, pronóstico y tratamiento 
El método único y definitivo de diagnóstico de un tumor de mama es el estudio anatomopatológico, y el tipo de biopsia que se practica es 
la biopsia excisional. La citología por punción-aspiración con aguja fina de 
un tumor mamario es útil para el diagnóstico del carcinoma inflamatorio 
porque ayuda a descartar procesos benignos como mastitis (Allen y cols., 
1986; Madewell y Theilen, 1987; Hellmén y Lindgren, 1989; Sorenmo y 
cols., 2013). Sin embargo, esta técnica no es suficiente para confirmar 
la enfermedad ya que no revela la afectación linfática característica del 
carcinoma inflamatorio (Pérez-Alenza y cols., 2001). La correlación entre 
la citología previa y la histopatología posterior de tumores de la mama 
canina ha demostrado ser de entre el 67.5% y el 93% con sensibilidad 
(88%) y especificidad (96%) altas (Rollón, 2003; Sorenmo y cols., 2013). 
 
 Los criterios que se utilizan para clasificar las neoplasias de la 
mama canina son similares a los utilizados en todos los tipos de neoplasias: 
comportamiento biológico y morfología, pudiendo ser ésta última 
descriptiva o histogenética. La clasificación que se ha usado comúnmente 
en la mayoría de los laboratorios de anatomía patológica veterinaria y 
en los trabajos científicos publicados es la propuesta por la Organización 
Mundial de la Salud (OMS) y el Instituto de la Fuerzas Armadas de los 
Estados Unidos de Norteamérica (Misdorp y cols., 1999). Sin embargo, esta 
17
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clasificación presenta ciertas limitaciones ya que hay tipos histológicos que 
no están incluidos o no hacen distinción entre algunos tipos histológicos 
de tumores. Goldschmidt y colaboradores propusieron en 2011 una nueva 
clasificación de los tumores de la mama canina que pretende soslayar 
estas limitaciones. 
 
 El pronóstico del carcinoma de mama depende de una serie de 
características clínicas e histopatológicas. Las características clínicas 
con valor pronóstico establecido son el tamaño tumoral, la presencia de 
metástasis a nódulos linfáticos regionales en el momento del diagnóstico 
y el estadio clínico de la enfermedad neoplásica, y las características 
histopatológicas con valor pronóstico son el grado histológico de malignidad, 
la invasión vascular sanguínea o linfática, el crecimiento infiltrante en 
tejidos vecinos, la presencia de metástasis en nódulos linfáticos regionales 
y el tipo histológico de tumor (Sorenmo y cols., 2013). Algunos estudios 
indican que la expresión IHQ de receptores de estrógenos (RE) y receptores 
de progesterona (RP) son factores pronósticos favorables aunque no 
siempre se haya podido demostrar su naturaleza independiente (Nieto y 
cols., 2000; Martín de las Mulas y cols., 2005; Chang y cols., 2009).
 
 Cuando un animal tiene más de un tumor, el pronóstico lo 
condiciona el más agresivo, y se debe seleccionar el de mayor tamaño o 
el que tiene una histopatología más agresiva (Sorenmo y cols., 2013). En 
muchos casos, el más agresivo histológicamente es el de mayor tamaño.
18
 Exceptuando el carcinoma inflamatorio de mama, la cirugía 
es, a día de hoy, la terapia de elección del carcinoma de mama en 
la perra. Sin embargo, no  existe una guía consensuada en la que 
se establezcan los criterios de selección que determinen el tipo de 
intervención a realizar según la presentación del tumor (Sorenmo y cols., 
2013). En un estudio clínico prospectivo de 144 animales en el que se 
comparaba el tipo de cirugía, mastectomía simple frente a mastectomía 
de la cadena mamaria, no se encontraron diferencias ni en la tasa de 
supervivencia ni en la tasa de recidivas (Marconato y cols., 2009). Los 
argumentos a favor de cirugías más agresivas se basan en que este es, 
probablemente, el procedimiento más eficaz para eliminar la totalidad 
del tumor. Los argumentos en contra se basan, fundamentalmente, en 
que aproximadamente el 50% de los tumores mamarios caninos tienen 
un comportamiento biológico “benigno” en el que siempre es posible 
reintervenir al animal si el estudio histopatológico de la pieza extirpada 
en la primera cirugía así lo recomienda, mientras que las cirugías más 
agresivas aumentan la morbilidad, el tiempo de recuperación y los costes 
de tratamiento (Sorenmo y cols., 2013). 
 Básicamente,  las modalidades de tratamiento sistémico del 
carcinoma de mama canino son dos, la quimioterapia y la terapia 
endocrina. El tratamiento sistémico más comúnmente utilizado es la 
quimioterapia adyuvante a la cirugía aún a pesar de que su eficacia 
ha sido comprobada en muy pocos ensayos clínicos (Sorenmo y cols., 
2013). De hecho, se recomienda y administra quimioterapia después de 
Re
vi
si
ón
 b
ib
lio
gr
áfi
ca
19
la cirugía a animales con tumores de alto riesgo utilizando protocolos muy 
variados que incluyen, entre otros, la doxorrubicina (30 mg/m2, cada 21 
días), la mitoxantrona (5-6 mg/m2, cada 21 días), la gencitabina (800 
mg/m2 semanal durante 4 semanas), la ciclofosfamida y el 5-fluouracilo. 
Uno de los trabajos publicados mostró un aumento significativo de la 
supervivencia en un grupo de animales con carcinomas en estadio 
clínico III/IV sometidos a un tratamiento con 5-fluorouracilo (150 mg/m2 
intravenoso semanalmente) y ciclofosfamida (100 mg/m2 intravenosa 
semanalmente) (Karayannopoulou y cols., 2001). Ahora bien, en este 
trabajo el número de animales era pequeño (n = 16) y los grupos no 
fueron diseñados aleatoriamente. Más recientemente, un ensayo clínico 
con perras con carcinomas de mama de grados histológicos 2 y 3 mostró 
que la desmopresina, un análogo sintético de la hormona antidiurética 
vasopresina, prolongaba el tiempo de vida libre del animal tras la cirugía 
(Hermo y cols., 2011). 
 El tratamiento endocrino del cáncer de mama puede ser ablativo 
o aditivo. El tratamiento ablativo es la castración quirúrgica practicada 
en el momento de la cirugía del tumores o tumores mamarios, o bien la 
castración química postquirúrgica. El único tipo de tratamiento endocrino 
que se practica hoy día en los tumores de mama caninos es el ablativo 
quirúrgico, aunque no se usa de manera uniforme porque el posible 
efecto protector de la ovariectomía practicada en el momento de la 
cirugía es muy controvertido. Así, mientras que algunos estudios afirman 
que tiene efecto protector (Sorenmo y cols., 2000; Chang y cols., 2005) 
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otros lo niegan  (Fowler y cols., 1974; MacEwen y cols., 1985; Yamagami 
y cols., 1996; Morris y cols., 1998; Philibert y cols., 2003). 
 
 A día de hoy, no está aclarado si realmente la ovariohisterectomía 
practicada después del periodo de protección de los dos primeros años 
de vida tiene algún beneficio en las perras con cáncer de mama. Hay dos 
estudios publicados que demostraron mejoras en la tasa de supervivencia. 
En uno de ellos la supervivencia de las perras con tumores de mama 
sometidas a una ovariectomía dentro de los dos años previos a la 
resección del tumor o en el momento de la mastectomía era mayor que 
en las perras que permanecían intactas (Sorenmo y cols., 2000). En el otro 
estudio también encontraron mayor supervivencia postquirúrgica cuando 
la ovariectomía se realizaba en el momento de la mastectomía (Chang 
y cols., 2005). Por el contrario, en un estudio realizado con 154 perras 
tratadas con mastectomía y ovariectomía no se observó ninguna ventaja 
en la supervivencia cuando se compararon sus resultados con los de otros 
trabajos en los que las perras eran sometidas únicamente a mastectomía 
(Fowler y cols., 1974). Otros estudios retrospectivos más recientes no 
demuestran mejora alguna ni para el tumor ni para la supervivencia 
(Yamagami y cols., 1996; Morris y cols., 1998). Es interesante destacar 
que en perras con tumores de mama benignos se ha observado que la 
ovariectomía practicada en el momento de la cirugía disminuye el riesgo 
de aparición de nuevos tumores en el 50% de los casos (Kristiansen y 
cols., 2013). 
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 El tratamiento ablativo químico es útil para inhibir de forma 
reversible el eje hipotálamo – hipófisis – ovario. Para ello, se utilizan 
agonistas de la hormona liberadora de gonadotropina (GnRH) a dosis 
sostenidas en el tiempo. La goserelina, fármaco agonista de GnRH, se ha 
usado en perras con carcinoma de mama cada 21 días durante 12 meses 
y se ha observado una reducción significativa del tamaño del tumor y 
un aumento de la supervivencia a los 2 años en el 88% de los animales 
(Lombardi y cols., 1999).
 
 En la perra con cáncer de mama no se utiliza el tratamiento 
endocrino aditivo con antiestrógenos o antiprogestágenos como adyuvante 
a la cirugía ya que el uso de antiestrógenos está desaconsejado debido a 
sus efectos agonistas en el aparato genital (Morris y cols., 1993; Hoffmann 
y Schuler, 2000) y el uso de antiprogestágenos no se ha ensayado. 
2.2. El receptor de progesterona
2.2.1. Estructura, regulación y función
El RP, perteneciente a la familia de receptores esteroideos de los receptores nucleares, media la acción de la hormona progesterona, 
un ligando clave en el desarrollo normal de la glándula mamaria. Una vez 
este ligando natural (progesterona) o sintético (progestágenos) queda 
unido al RP, éste experimenta un cambio conformacional que le permite 
interaccionar con el ADN y regular la transcripción de ciertos genes 
implicados en una variedad de funciones tales como el crecimiento celular, 
la apoptosis y el metabolismo lipídico y esteroideo (Li y O´Malley, 2003). 
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 En la especie humana, el RP tiene dos isoformas, isoforma A (RPA) 
e isoforma B (RPB) que se expresan a partir de un mismo gen (11at q22-
23) pero que tienen diferentes promotores y sitios internos para el inicio 
de la traducción (Jacobsen y cols., 2002). Existe una tercera isoforma, la 
isoforma C (RPC), de 60 kDa, situada en la región N terminal del RP que 
ha sido poco estudiada hasta el momento y parece carecer de actividad 
transcripcional clásica (Wei y cols., 1997; Condon y cols., 2006). 
 
 Las isoformas  RPA y RPB son idénticas ya que ambas contienen 
el dominio de unión al ligando (LBD) en el extremo C terminal, que es la 
región más constante del receptor, y una región de unión al ADN (DBD) 
centralmente localizada (Figura 2).  Sin embargo, se diferencian en que 
a RPA le faltan 164 aminoácidos en el extremo amino (Figura 2). Los 
dominios LBD y DBD están unidos por 50 aminoácidos de secuencia 
bisagra (Kastner y cols., 1990). Las funciones de activación transcripcional 
están localizadas en el extremo-N de DBD (AF1) y dentro del  LBD (AF2) 
en ambas isoformas mientras que la tercera función de activación, AF3, es 
única para RPB.
 Es bien conocido que la activación del RE mediante la unión de 
su ligando natural, los estrógenos, induce la expresión génica del RP 
(Kastner y cols., 1990; Graham y Clarke, 1997; Hewitt y cols., 2000) 
pero los mecanismos de regulación de las isoformas del RP son menos 
conocidos. En estudios llevados a cabo con líneas celulares de cáncer 
de mama humano se han obtenido resultados contradictorios. Así, en la 
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línea celular T47D se observó que los estrógenos estimulaban el RPB y 
que el tratamiento con progesterona disminuía la expresión tanto de RPA 
como de RPB (Graham y cols., 1995). Más tarde, un estudio realizado por 
Vienonen y colaboradores en 2002 demostró que los estrógenos podían 
regular al alza ambas isoformas en células T47D,  RPA en la línea celular 
MCF-7 y RPB en la línea ZR-75-1.
 A pesar de su alto grado de homología, RPA y RPB presentan dis-
tintas actividades transcripcionales. Así, RPB es, en general, un activador 
más fuerte que RPA, debido en parte a la existencia del tercer dominio 
de activación AF3 (Sartorious y cols., 1994). Por otro lado, RPA puede 
funcionar como un represor transdominante dependiente de ligando de 
Figura 2.
Estructura de las isoformas B, A y C del receptor de progesterona 
humano. 
PR-B: isoforma B; PR-A: isoforma A; PR-C isoforma C; DBD: Dominio de unión al 
ADN, LBD: Dominio de unión al ligando, AF1-AF3: Dominios de activación 
(Modificada de Rekawiecki y cols., 2008) 
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microarray han demostrado que las dos isoformas regulan un conjunto de 
genes diferentes (Richer y cols., 2002; Jacobsen y cols., 2002). 
 
 El gen del RP canino se secuenció y clonó por primera vez en al 
año 2000 por Lantinga van-Leeuwen y colaboradores. Las isoformas A y B 
del RP canino se han identificado en un número muy limitado de muestras 
de tejido uterino normal y de glándula mamaria normal y neoplásica 
mediante Western blot (Gracanin y cols., 2012a). Estas isoformas son 
altamente coincidentes con las ya descritas en la especie humana y 
también están codificadas por el mismo gen (Lantinga van-Leeuwen y 
cols., 2000) (Figura 3).
 Además, el análisis de secuencia de nucleótidos ha demostrado 
que la isoforma B del RP canino presenta mutaciones en el dominio AF3 
que condicionan que tenga un potencial transcripcional más limitado 
que en el RP humano y felino (Gracanin y cols., 2012b). Hasta la fecha 
no se han publicado estudios de expresión de las isoformas A y B del RP 
canino en tumores de mama mediante otros métodos de estudio.
2.2.2. Métodos de estudio in vivo e in vitro 
Los primeros estudios de detección de receptores de hormonas esteroideas en los tumores espontáneos de la mama canina datan 
de los años 80 del siglo pasado. Entonces se utilizaban los métodos 
bioquímicos basados en la unión del ligando marcado radiactivamente 
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(estrógenos o progesterona) al receptor correspondiente.  El más 
utilizado, al igual que en la especie humana, fue el método del “dextran-
coated charcoal” o DCC (Baulieu & Mester, 1989). Desde entonces y 
hasta finales de los años 90 todos los datos sobre la expresión de RE y 
RP en los tumores de la mama canina se basaban en análisis con DCC 
(Hamilton y cols., 1977; MacEwen y cols., 1982; Mialot y cols., 1982a; 
Mialot y cols., 1982b; Elling y Ungemach, 1983; Ungemach, 1983; Martin 
y cols., 1984; Parodi y cols., 1984; Monson y cols., 1987; Rutteman 
Figura 3. 
Secuencia de nucléotidos del gen del receptor de progesterona 
canino y sus aminoácidos correspondientes y codones de iniciación 
de la traducción (ATG) para las isoformas A y B del receptor. 
(Modificada de Lantinga van-Leeuwen y cols., 2000). 
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1993; Donnay y cols., 1995).  
 Estos estudios en realidad eran muy escasos comparados 
con los que se hicieron en la mujer porque el método del DCC era 
muy caro y no era de fácil acceso a las Facultades de Veterinaria. 
De hecho, ni siquiera estaba disponible no ya en las Facultades de 
Veterinaria sino en muchos de los hospitales de la Seguridad Social 
en España. Además, requería del uso de muestras frescas y detectaba 
solamente los receptores no ocupados por su ligando natural tanto del 
tejido tumoral como del tejido adyacente no tumoral. El desarrollo de 
anticuerpos monoclonales altamente específicos frente a las proteínas 
tanto del RE como del RP humanos dieron paso al uso generalizado de 
las técnicas IHQ de detección de los receptores hormonales basadas en 
la unión inmunológica entre el receptor y los  anticuerpos específicos 
desarrollados frente a él (Greene y cols., 1980; 1988; al Saati y cols., 
1993; Goussard, 1998). Los métodos IHQ presentan importantes 
ventajas sobre los métodos bioquímicos, destacando entre ellas la 
posibilidad de uso en muestras de tejido procesadas rutinariamente 
para estudio histopatológico y la identificación precisa del receptor en 
la muestra de tejido con independencia de su estado de ocupación (De 
Mascarel y cols., 1995; MacGrogan y cols., 1996; Allred y cols., 1998). 
 A partir de los años noventa, varios autores estandarizaron 
las técnicas IHQ de detección de receptores hormonales en muestras 
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de tejido mamario canino utilizando los anticuerpos comerciales que 
habían sido desarrollados frente a los antígenos humanos ya que no 
había anticuerpos específicos frente a los receptores caninos disponibles 
comercialmente. El RP de la especie canina presenta un alto nivel 
de homología en la secuencia de aminoácidos con el RP humano, y 
particularmente en la región C-terminal (Figura 4). Por este motivo la 
mayoría de los anticuerpos disponibles comercialmente frente al RP 
humano son útiles para la detección del RP canino utilizando técnicas 
basadas en la reacción antígeno – anticuerpo.
 Los diferentes autores obtuvieron cifras de expresión de RP 
dispares, tanto entre los tumores benignos (del 50% al 100%) como 
entre los tumores malignos (del 31.2% al 100%) (Tabla 1). Esta 
disparidad también se observó en los estudios de expresión de los RE 
(Manzel y cols., 1995; Graham y cols., 1999; Geraldes y cols., 2000; 
Nieto y cols., 2000; Martín de las Mulas y cols., 2005; Chang y cols., 
2009).
 Las discrepancias en las cifras de expresión IHQ de RP (y de RE) 
pueden ser debidas, al menos en parte, a diferencias en las poblaciones 
objeto de estudio (tamaño tumoral, estado de castración, tipos 
histológicos de tumor) y a razones de tipo técnico como los anticuerpos 
o los métodos de desenmascaramiento antigénico empleados, pero 
la causa más importante es probablemente la falta de un umbral de 
positividad basado en datos biológicos. 
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Figura 4. Homologías entre la secuencia de 
aminoácidos del RP humano y el RP canino.
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Tabla 1. Expresión de RP en tumores de mama caninos utilizando 
técnicas inmunohistoquímicas.
Tumores 
malignos (%)Autores
 33 Manzel y cols., 1995
Martín de las Mulas y cols., 2005
 60Geraldes y cols.,  2000 
 66
Tumores 
benignos (%)
 No estudiados
 100
 92
 71.9Chang y cols.,  2009
Millanta y cols., 2010
39Toniti et al., 2009
 100
52
 No estudiados 52
Sassi y cols., 2010
100Mouser y cols.,  2010 
77
69Dolka y cols., 2011
Im y cols., 2013 
50Beha y cols., 2012
58
 No estudiados
 No estudiados
 No estudiados
 No estudiados
 No estudiados
 En los años 80, las nuevas técnicas IHQ de detección de receptores 
hormonales en muestras de tejido fijadas en formol e incluidas en parafina 
se validaban por comparación con los resultados obtenidos en muestras 
de los mismos tumores mediante el método DCC siguiendo las normas 
del “National Institutes of Health Consensus Conference on estrogen 
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validación se llevó a cabo en un estudio con muestras de tejido canino 
para la detección de RE y en dos estudios con muestras de tejido felino 
para la detección de RE y RP exclusivamente (Graham y cols., 1999; Martín 
de las Mulas y cols., 2000a; Martín de las Mulas y cols., 2002).  
 Sin embargo, la validación más importante de una técnica IHQ 
de detección de receptores hormonales es la validación biológica. La 
validación biológica consiste en comprobar si la expresión IHQ del receptor 
correspondiente se asocia a un comportamiento clínico determinado 
o a una respuesta favorable al tratamiento endocrino adyuvante a la 
cirugía (Fitzgibbons y cols., 2010). En la mujer, se ha comprobado que 
la expresión de RE y/o de RP en el carcinoma de mama es un factor 
predictivo de pronóstico favorable y de respuesta favorable al tratamiento 
endocrino adyuvante a la cirugía (Baker y cols., 1990; Allred y cols., 
1998; Fitzgibbons y cols., 2010). Además, se ha observado que existe 
respuesta al tratamiento endocrino cuando el 1% de las células tumorales 
expresan receptores hormonales (Fitzgibbons y cols., 2010; Hammond 
y cols., 2010). De esta manera existe un umbral biológico de positividad 
que permite homogeneizar los resultados obtenidos por los diferentes 
laboratorios. 
 En la perra no se ha podido establecer todavía un umbral biológico 
de positividad porque, primero, los pocos estudios que han analizado el 
valor pronóstico de la expresión de RE y de RP han arrojado resultados 
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Figura 5. 
Expresión de RE 
alfa (A) y RP (B) 
en tumores de 
mama caninos 
utilizando técnicas 
inmunohistoquímicas
10x
40x
A
B
contradictorios (Nieto y cols., 2000; Martín 
de las Mulas y cols., 2005; Millanta y cols., 
2005; Chang y cols., 2009) y segundo, 
porque no se ha analizado la correlación 
entre la expresión del RP y el tratamiento 
endocrino adyuvante a la cirugía. 
 Hoy día se siguen utilizando los 
métodos IHQ de detección 
del RP, al igual que del RE 
(Figura 5), para estudios 
clínicos y estudios de 
investigación aún a pesar 
de los inconvenientes que 
supone la ausencia de 
umbrales biológicos pero 
hay otros métodos que 
son más objetivos y que 
no se utilizan en medicina 
veterinaria para analizar el 
RP y sus isoformas. Entre 
ellos destaca la reacción 
cuantitativa en cadena de la 
polimerasa con transcriptasa 
inversa (RT-qPCR), que 
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más precisa y fiable.
  En medicina humana existen numerosos estudios que prueban 
la utilidad de esta técnica para la detección de receptores hormonales 
esteroideos en muestras de cáncer de mama habiéndose observado una 
elevada concordancia entre los resultados de RT-qPCR e IHQ (Badve y 
cols., 2008; Iverson y cols., 2009; Oda y cols., 2010). Igualmente, hay 
numerosos estudios de expresión del RP a nivel de ARNm en útero, vagina, 
hipotálamo e hipófisis de ratón, rata, cerdo, gallina y gato, entre otros 
(Iwai y cols., 1991; Tseng L y Zhu HH, 1997; Kurita y cols., 2000; Fang 
y cols., 2002; Ocón-Grove y cols., 2007; Gracanin y cols., 2012a;2012b). 
Las isoformas A y B del RP se han estudiado también mediante métodos 
bioquímicos como el Western blot y la inmunoprecipitación en la especie 
humana, así como por técnicas IHQ. Sin embargo, el uso de estas técnicas 
no está muy extendido debido a los problemas de especificidad que al 
parecer presentan los anticuerpos anti-RPA y anti-RPB disponibles hasta 
el momento  (Mote y cols., 2001). Por eso, la RT-qPCR se considera en 
la actualidad la técnica más sensible y fiable para la detección de las 
isoformas del RP humano (Kariagina y cols., 2008). En el perro, no se han 
publicado estudios sobre la detección del RP mediante RT-qPCR.
2.2.3. Participación en el carcinoma de mama 
Los estudios de detección de RP en el carcinoma de mama canino con técnicas IHQ han mostrado que, en general, la expresión de RP es 
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más frecuente que la expresión de RE (Geraldes y cols., 2000; Martín de 
las Mulas y cols., 2005; Chang y cols., 2009), hallazgo que sugiere que la 
progesterona podría jugar un papel más importante que los estrógenos 
en el desarrollo de la enfermedad. La elevada expresión de RP junto con 
las numerosas evidencias epidemiológicas y clínicas del papel proliferativo 
de la progesterona en los tumores de mama de la perra (Misdorp, 1991; 
Rutteman, 1992; Selman y cols., 1995; Støvring y cols., 1997) abre la 
posibilidad del uso del tratamiento sistémico del carcinoma de mama 
mediante antiprogestágenos.
 Ya en los años 60 se sospechaba que la exposición prolongada 
a elevadas concentraciones de progesterona durante la larga fase lútea 
del ciclo estral era clave en el desarrollo de los tumores de mama de la 
perra (Evans y cols., 1969). En el año 1980, Concannon y colaboradores 
observaron que los progestágenos sintéticos inducían un síndrome de 
exceso de hormona de crecimiento (GH) en la perra que podía llegar 
a producir acromegalia, y un año después publicaron que los mismos 
compuestos producían tumores de mama (Concannon y cols., 1981). 
Siempre se creyó que la GH procedía de la adenohipófisis, aunque los 
estudios de supresión no parecían confirmarlo, y 13 años después se 
demostró que la hormona de crecimiento procedía del epitelio tumoral de 
la mama (Selman y cols., 1994).
 También en 1980 se describió el desarrollo de carcinomas de 
mama en perras tras la administración de dosis elevadas de progestágenos 
34
Re
vi
si
ón
 b
ib
lio
gr
áfi
ca (Kwapien y cols., 1980). Y más recientemente, que el tratamiento de 
perras ovariectomizadas con progestágenos durante 6-12 meses indujo 
la aparición de hiperplasias y / o tumores benignos de mama  (Selman 
y cols., 1994; Bhatti y cols., 2007). Finalmente, estudios recientes de 
expresión génica indican que los progestágenos tienen marcados efectos 
proliferativos en la hiperplasia y el carcinoma de mama canino (Rao y 
cols., 2009).
 En otras especies también hay datos que indican que la 
progesterona ejerce acciones proliferativas sobre el epitelio glandular 
mamario normal y neoplásico. En estudios realizados en ratones 
knockout para el RP se comprobó que el RP es necesario para el 
desarrollo normal de la glándula mamaria (Mulac-Jericevic y cols., 2004). 
Así, el RE promueve el crecimiento temprano de los conductos lácteos 
mientras que tanto el RE como el RP son responsables del desarrollo de 
las terminaciones mamarias o alveolos localizados en los extremos de los 
conductos que se convertirán en las estructuras productoras de leche en 
la glándula mamaria (Lange y cols., 2009). 
 En estudios in vitro se ha observado que la progesterona estimula 
la proliferación de líneas celulares de carcinoma de mama humano con 
RP (T47D y  MCF-7) (Moore, 2004). Además, en estudios experimentales 
se ha observado que el acetato de medroxiprogesterona induce la 
aparición de carcinomas de mama con RP en ratonas BALB/c (Helguero 
y cols., 2003). Por último, en estudios clínicos se ha observado que en la 
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mujer menopáusica que recibe terapia hormonal sustitutiva combinada 
(estrógenos más progestágenos) el riesgo de desarrollar cáncer de mama 
es mucho mayor (8% al año) que si es solo estrogénica (1% al año) 
(Moore, 2004).
 Numerosos datos indican que los progestágenos ejercen sus 
acciones proliferativas a través del RP. Así, en estudios in vitro se ha 
observado que los antiprogestágenos como el RU486 (mifepristona) y 
el ZK299 (onapristona) inhiben la proliferación de líneas celulares T47D 
y  MCF-7 de carcinoma de mama humano y que dicha inhibición está 
mediada por los RP (Schneider y cols., 1990; Horwitz, 1992).
 En estudios experimentales se ha observado que tanto 
los carcinomas de mama con RP inducidos por el acetato de 
medroxiprogesterona en ratonas BALB/c como sus metástasis pulmonares 
y axilares regresan tras el tratamiento con antiprogestágenos (Vanzulli 
y cols., 2005) y que la acción carcinógena del dimetilbenzantraceno 
(DMBA)  sobre la mama en ratones knockout para el RP depende de la 
existencia de RP funcionales (Lydon y cols., 1999). 
 Finalmente, en estudios clínicos de las especies felina, canina y 
humana se ha observado que el uso de antiprogestágenos tiene efectos 
favorables sobre las lesiones que expresan RP. La administración de 
aglepristona (un esteroide sintético con una afinidad por el RP 3 veces 
mayor que la de la progesterona natural), produce la regresión completa 
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de la hiperplasia fibroepitelial, una lesión con RP que se desarrolla bajo 
el influjo de los progestágenos en la gata (Hayden y cols., 1989; Martín 
de las Mulas y cols., 2000b; Wehrend y cols., 2001) y de los fibromas 
vaginales en la perra (Rollón y cols., 2008). Y en la mujer con cáncer 
de mama avanzado se han observado respuestas favorables (regresión 
parcial o estabilización de las lesiones) en más de la mitad de las 
pacientes tras el uso del antiprogestágeno RU486, y en todos los casos, 
los tumores tenían RP (Maudelonde y cols., 1987; Bakker y cols., 1990; 
Klijn y cols., 2000).
 En la mujer, el cáncer de mama es el tumor más frecuente y se 
asocia a mortalidad alta, pero existen varios protocolos de tratamiento 
adyuvante a la cirugía que varían en función de las características de los 
tumores. El tratamiento endocrino disminuye la frecuencia de recidivas 
y de metástasis y prolonga la supervivencia de las pacientes (Dickson y 
Lippman, 1997). El uso de tratamiento endocrino se basa en la detección 
de receptores hormonales por técnicas IHQ. El 70%, aproximadamente, 
de los casos expresa RE con o sin RP, y la expresión de receptores es un 
factor predictivo de respuesta favorable al tratamiento endocrino (Rosai, 
1996; Robbins y cols., 1999; Kay y cols., 2011). Por eso, la detección IHQ 
de receptores hormonales es fundamental para la toma de decisiones 
terapéuticas.
 
 En la perra con cáncer de mama no se utiliza el tratamiento 
endocrino aditivo como adyuvante a la cirugía en aquellos casos que 
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tienen RE y/o RP en las células tumorales. En estudios tanto in vitro 
como in vivo se comprobó que el antiestrógeno tamoxifeno tenía efectos 
antitumorales en la perra pero también que sus efectos agonistas en 
el aparato reproductor (aumento del tamaño vulvar, infección urinaria, 
piometra y signos de estro) desaconsejaban su uso clínico en la perra 
(Else, 1979; Morris y cols., 1993; Sartin y cols., 1993; Hoffmann y Schuler 
2000; Sorenmo y cols., 2013). Hasta la fecha, no se han analizado los 
efectos de los antiprogestágenos sobre los tumores de mama caninos ni 
in vivo ni in vitro y los estudios que indican que la progesterona ejerce 
acciones proliferativas sobre el cáncer de mama a través del RP abren 
la posibilidad de uso de estos agentes en el tratamiento sistémico del 
cáncer de mama en la perra.  
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3. 

3.1. La aglepristona disminuye la 
proliferación de carcinomas de la mama 
canina con receptores de progesterona
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Aglepristone Decreases Prol i ferat ion in Progesterone
Receptor-Posit ive Canine Mammary Carcinomas
S. Guil-Luna, R. Sa´nchez-Ce´spedes, Y. Milla´n, F.J. De Andre´s, E. Rollo´n, V. Domingo,
F. Guscetti, and J. Martı´n de las Mulas
Background: Progesterone receptor (PR) antagonist aglepristone (RU534) has been used successfully for pregnancy termi-
nation and therapy of pyometra, vaginal tumors, and mammary hyperplasia in bitches and queens. All of these conditions share
with canine mammary carcinomas the expression of PR.
Objectives: To study the effect of RU534 on proliferation and apoptosis in canine mammary carcinomas in relation to
PR expression.
Animals: Twenty-seven nonspayed bitches with mammary carcinomas were treated with either 2 doses of 20mg/kg RU534
(n 5 22, RU534-treated group) or oil placebo (n5 5, control group) on days 1 and 8.
Methods: Tumor samples were collected before (day 1) and after (day 15) treatment for immunohistochemistry. PR ex-
pression, proliferation index (PI), and apoptotic index (AI) were determined using antibodies against PR, Ki67, and cleaved
lamin A/C antigens, respectively. The effect of treatment on these parameters was analyzed.
Results: Differential expression of PR between day 1 (59.1% PR-positive tumors) and day 15 (36.4% PR-positive tumors)
was observed in RU534-treated tumors exclusively. After RU534 treatment, mean PI was signiﬁcantly decreased in PR-positive
but unchanged in PR-negative RU534-treated tumors. A reduction of 20% in PI was found in 61.5% of RU534-treated
tumors with PR expression. Conversely, no effect on AI was observed after RU534 treatment.
Conclusions and Clinical Importance: Neoadjuvant RU534 treatment had PR expression-related inhibiting effects on pro-
liferation of canine mammary carcinoma cells.
Key words: Apoptosis; Dog; Progesterone receptor; Proliferation.
Surgical excision is the ﬁrst-line treatment of caninemammary tumors. Approximately one-third of these
tumors will recur and metastasize. However, the only
type of adjuvant treatment used is chemotherapy.1 Endo-
crine therapy using hormone receptor antagonists is
well established for the treatment of hormone-dependent
human breast cancer because it decreases relapse and
metastasis rates and prolongs survival. This therapy is
mostly focused on the blockade of estrogen receptors
(ER) because they are expressed in approximately 70%
of cases.2 However, progesterone receptor (PR) expres-
sion-based therapy currently is under study for selected
subsets of patients.3 Studies in dogs have demonstrated
that all benign and two-thirds of malignant mammary
tumors express PR.4–6 This ﬁnding raises the possibility
of using hormone therapy with PR antagonists in these
tumors.
The PR antagonist aglepristone (RU534) has been
used successfully in veterinary medicine for pregnancy
termination and pyometra treatment as well as to treat
proliferative progesterone-dependent diseases such as
mammary ﬁbroadenomatous hyperplasia in queens and
vaginal tumors in bitches. In both conditions, a tissue
reductive effect has been shown.7–10 The aim of the pres-
ent study was to evaluate the effect of RU534 on
proliferation, apoptosis, and PR expression by immuno-
histochemical assessment in serial biopsies from primary
canine mammary carcinomas collected before and at 15
days after the start of treatment.
Materials and Methods
Animals
A series of 27 female dogs with a histological diagnosis of mam-
mary carcinoma were selected for this study. Additional recruited
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animals with other tumor types were excluded from the present in-
vestigation. Recruitment criteria were as follows: (1) dogs were
nonspayed; (2) dogs were in any phase of the estrus cycle except for
estrus (as determined by vaginal cytology); (3) there were no clinical
signs of inﬂammatory mammary carcinoma; and (4) dogs had 1
measurable mammary nodular lesion (5mm) and had no lung me-
tastases (as determined by 2 thoracic radiographs). All the owners
gave informed consent to include their pets in this study.
Treatment Protocol
The RU534-treated group of dogs (n 5 22) received 2 subcuta-
neous injections of 20mg/kg of RU534a on days 1 (1st visit) and 8,
whereas control dogs (n 5 5) received oil vehicle injections at the
same time points. A core biopsy was taken on day 1 before to the
ﬁrst injection of RU534 or oil vehicle. All patients underwent com-
plete surgical excision of the tumor at day 15.
Tissue Samples Fixation and Processing
Both core biopsies and surgical specimens were ﬁxed in 10%
buffered formalin for 24–72 hours and embedded in parafﬁn wax.
Small tumors (o1 cm in diameter) were entirely included, whereas
sequential segments 5mm apart were cut from larger tumors to pro-
vide tissue blocks. The area from which the core biopsy had been
taken was identiﬁed by the surgeon in the surgical specimen with
suture material. After dehydration and embedding in parafﬁn wax,
sections (3mm) were cut from each block and stained with hema-
toxylin and eosin (H&E).
Histological Examination
The tumors were classiﬁed as carcinomas using H&E-stained tis-
sue sections and the diagnostic criteria proposed by the World
Health Organization Classiﬁcation of Tumors in Domestic Ani-
mals.11 Cases with ischemic necrosis in the incision biopsy were
excluded from the present investigation.
Immunohistochemical Techniques
The monoclonal mouse anti-human Ki67 antigen (clone MIB-1)
isotype IgG1
b diluted 1 : 75, the monoclonal mouse PR antibody (clone
10A9) isotype IgG2
c diluted 1 : 500, raised against the recombinant hor-
mone-binding domain of human PR (922AGMVKPLLFHKK933,
the sequence is 100% homologous to the canine counterpart), and
the polyclonal rabbit anti-human cleaved lamin A/C (small subunit)
antibodyd diluted 1 : 100 were used for the detection of proliferative
activity, PR expression, and apoptosis, respectively. A commercial
diluentb was used. Heat-induced antigen retrieval in a water bath at
95–991C (MIB-1 and PR antibodies) or in a steam pressure cookere
at 951C (lamin A/C antibody) with 0.01M citrate buffer (pH 6.0)
for 40 minutes (MIB-1 antibody), 25 minutes (PR antibody), or 20
minutes (lamin A/C antibody) were used. After cooling for approx-
imately 30 minutes at room temperature, sections were covered with
10% normal goat serum in phosphate buffered saline (PBS) for 30
minutes before incubation with the primary antibodies for 18 hours
at 41C (MIB-1 and PR antibodies) or directly incubated for 1 hours
at room temperature (lamin A/C antibody). The avidin-biotin-per-
oxidase complex (MIB-1 and PR antibodies)f or the streptavidin
biotin-peroxidase complex (lamin A/C antibody)b were applied for
1 hour at room temperature. The chromogen, 3,3-diaminobenzidine
tetrahydrochlorideg diluted 0.035% in 0.05M Tris containing 0.3%
of hydrogen peroxide was applied to the slides for 1 minute at
20–221C (MIB-1 and PR antibody). The 3-amino-9-ethyl carbazole
substrate chromogenb was applied for 10 minutes (lamin A/C anti-
body). For negative control purposes, the primary antibodies
were replaced by mouse IgG1
b and IgG2
b diluted as the primaries
(MIB-1 and PR antibodies, respectively) or PBS (lamin A/C anti-
body). As positive control tissues, canine lymph node, uterus, and
formalin-ﬁxed and parafﬁn wax-embedded ultraviolet-irradiated
canine keratinocytes12 were used for MIB-1, PR, and lamin A/C
antibodies, respectively. The normal mammary gland tissue found
in the vicinity of the carcinomas served as an internal positive con-
trol in every assay.
Scoring Methods
PR Expression. The staining was nuclear and the tumors were
classiﬁed as positive when labeling was observed in more than 10%
of tumor cells counted in 4 representative randomly selected neigh-
boring, nonoverlapping high-power ﬁelds (approximately 1,000
tumor cells).13
Proliferation Index (PI). To determine the PI, digital pictures of
sections labeled with the anti-Ki67 antibody were taken at a 40
magniﬁcation from 4 randomly selected neighboring, nonoverlap-
ping ﬁelds of each tumor. Labeled tumor cell nuclei were considered
positive regardless of the labeling intensity. The number of positive
and negative tumor cells was counted with a digital pen tablet.h A
minimum of 1,000 tumor cells were counted per case. The PI was
calculated with the Image-Pro Plus 4.5 softwarei and expressed as
the percentage of positive cells related to the total number of cells.
The proliferation response of tumors to treatment was assessed in 2
different ways: (1) by comparing mean PI scores at individual time
points (day 1, day 15) and (2) by classifying a 20% change in PI
between day 1 and day 15.14
Apoptotic Index (AI). To evaluate apoptosis, cleaved lamin
A-positive cells within tumor tissue areas were counted using snap-
shots of 10 randomly selected ﬁelds of each tumor collected at a 40
magniﬁcation (Imagescope version 10.2.1.2314).j The counts were
performed independently by 2 observers and the results were aver-
aged. The AI was expressed as the percentage of labeled cells related
to the total number of tumor cells. To assess the effect of treatment
on tumor cell apoptosis, results were evaluated in 2 ways analo-
gously as described above for the PI.
Statistical Analysis
Statistical analysis was carried out by the GraphPad Software
3.05.k The values were evaluated for approximate normality of dis-
tribution by by the Kolmogorov-Smirnov test. Differences between
PR expression, PI, and AI of control and RU534-treated tumors
before and after treatment were assessed by unpaired t-tests. Differ-
ences between the means of RU534-treated tumors before and after
treatment were assessed by paired t-tests. Correlation analyses were
performed by Spearman’s nonparametric correlation coefﬁcient. A
P-valueo .05 was regarded as statistically signiﬁcant.
Results
The animals ranged in age from 5 to 16 years of age
(mean, 10.60.5 years) and were of various pure (n5 14)
and mixed (n 5 13) breeds. Histological classiﬁcation of
lesions is shown in Table 1. Before treatment (day 1),
60% control and 59.1% RU534-treated tumors ex-
pressed PR. A representative PR labeling of tumor cell
nuclei is shown in Figure 1. A change in PR expression
after treatment was observed in the R534-treated group
exclusively (Table 2). Thus, 5 of 13 PR-positive tumors at
day 1 became PR-negative at day 15. Conversely, 1 of 9
PR-negative tumors at day 1 was found to be PR-positive
at day 15. Altogether, after treatment only 36.4% of
RU534-treated tumors expressed PR.
Tumor cell proliferation and apoptosis were assessed
using antibodies against Ki67 and cleaved lamin A, re-
spectively. A representative Ki67 labeling of tumor cell
519Aglepristone in Canine Mammary Carcinomas
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nuclei is shown in Figure 2. Cleaved lamin Awas detected
in the cytoplasm and nucleus of cells with morphology
consistent with apoptosis, as well as in the nucleus of
some morphologically normal cells as shown in Figure 3.
The overall median pretreatment PI was 7.99% (range,
1.5–16.4%) and the overall median pretreatment AI was
1.22% (range, 0.1–4.4%). No association was observed
between these 2 variables (r 5 0.2, P 5 .2). Similarly, no
association was observed between PI and AI when tu-
mors were grouped as PR-positive (r 5 0.4, P 5 .1) and
PR-negative (r 5  0.002, P5 .9).
PI and PR Expression
A signiﬁcant decrease in PI after treatment with
RU534 was observed in PR-positive tumors of the
R534-treated group exclusively. Thus, as indicated in
Table 3, the mean PI of PR-positive RU534-treated
tumors was 7.7% before and 4.3% after treatment
(P 5 .03). Seventy-eight percent of the R534-treated
cases with decreased PI after treatment expressed PR. In
the control group, only one of the PR-positive cases with
PR expression had a reduction in PI at day 15. When a
change 20% of the PI was considered as a threshold, 8
of 13 (61.5%) R534-treated cases with PR expression had
a PI reduction, whereas none of the cases with PR
expression had a PI reduction in the control group
(P 5 .0003). No signiﬁcant PI increase was observed
in the PR-negative R534-treated group after RU534
treatment.
No signiﬁcant PI decrease was observed in both
RU534-treated (7.2% at day 1, 6.9% at day 15) and con-
trol (11.0% at day 1, 9.3% at day 15) tumors (P5 .1 and
.3, respectively).
AI and PR Expression
No change in AI was observed either in PR-positive or
in PR-negative tumors of the RU534-treated group.
Thus, as indicated as Table 4, the mean AI of PR-posi-
tive RU534-treated tumors was 1.5% before and 1.0%
after treatment and 1.4% and 1.1 in the control group,
respectively (Table 4).
Discussion
The PR antagonist RU534 decreased the PI of canine
mammary carcinomas in a PR expression-dependent
manner. This ﬁnding points to an inﬂuence of PR on the
growth control of these tumors and raises the possibility
of use of PR antagonists in the treatment of tumors of the
mammary gland of the bitch.
The clinical beneﬁts of endocrine therapy for women
with hormone-sensitive breast cancer (with ER expres-
sion, PR expression, or both) are well established.
Accordingly, ER and PR are measured routinely in or-
der to select those patients who will enter the endocrine
therapy protocol.2 In veterinary medicine, however, no
endocrine therapy, neither adjuvant nor neoadjuvant,
currently is used. Former trials using tamoxifen were
not successful because of strong estrogenic effects on the
uterus.1 However, the potential beneﬁts of using PR an-
tagonists in dogs with mammary tumors have not been
explored despite the fact that PR is more often expressed
than ER in the bitch.4–6 Ours is the ﬁrst study to examine
the effect of neoadjuvant RU534 in canine mammary
carcinomas.
Table 1. Histological type of carcinomas.11
Number Histological Type
14 Complex carcinoma
6 Simple carcinoma
5 Carcinoma in benign tumor
1 Carcinosarcoma
1 Squamous cell carcinoma
Fig 1. Simple mammary carcinoma. The nuclei of 10% tumor cells
are labeled for progesterone receptors (brown color). ABC
immunohistochemical method. Bar5 20mm.
Table 2. PR expression in tumors before (day 1) and after treatment (day 15) with RU534 or vehicle (control group).
Number of Tumors with Indicated PR Status
PR1 PR
Day 1 Day 15 Day 1 Day 15
Control group (n5 5) 3 3 2 2
RU534-treated group (n5 22) 13 8 9 14
PR1, progesterone receptor-positive; PR, progesterone receptor-negative.
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The proliferative response to aglepristone was related
to PR status of mammary carcinomas. Thus, a signiﬁcant
decrease of PI on day 15 was observed in treated tumors
expressing PR on day 1. Furthermore, the reduction in PI
was 20% in 61.5% of those cases. These results show
that RU534 has an antiproliferative effect in canine
mammary carcinomas with PR expression, although
sample size is small to make a strong conclusion. Similar
ﬁndings on PI have been reported after 14 days of neo-
adjuvant endocrine therapy in human patients.15 The
response after only 2 weeks of treatment suggests that
RU534 could be useful for the neoadjuvant treatment of
canine mammary tumors.
On the contrary, treatment with the PR antagonist
RU534 was not associated with a signiﬁcant decrease of
AI of PR-positive carcinomas. Data from RU534-
treated tumors suggest that tumor growth reﬂects
changes in the balance between apoptosis and prolifera-
tion. The in vivo relationship of apoptosis to proli-
feration is less well understood. In our material, we have
not found any relationship between PI and AI before treat-
ment. Other authors found a positive relationship between
PI and AI of mammary gland tumors of dogs.16 However,
these authors used the terminal deoxynucleotidyl transf-
erase-mediated dUTP nick end labeling (TUNEL) method
to detect apoptosis and their case material included a con-
siderable number of benign tumors. We examined
apoptosis in canine mammary tumors with a caspase sub-
strate, a method that might be more speciﬁc than TUNEL.
Lamin A is a nuclear membrane structural component of
differentiated eukaryotic cells. This intermediate-sized ﬁla-
ment protein is cleaved by the executor caspase-6 and the
cleavage and subcellular localization kinetics have been de-
scribed in cells undergoing apoptosis.17 In agreement with
that study, immunohistochemistry for cleaved lamin A in
our case material detected cells at different stages of ap-
optosis, with staining restricted to the nuclear membrane
in putative early stages, and more dispersed nuclear and
cytoplasmic staining in cells showing morphological fea-
tures compatible with more advanced stages of apoptosis.
In women with breast cancer, AI has been evaluated after
neoadjuvant chemotherapy with inconsistent results.14,18
Several factors may account for these discrepancies, in-
cluding the type of marker used, the type of tumors
examined, the time point of tissue collection during treat-
ment, and others.
A change in PR expression after treatment with RU534
was observed in the RU534-treated group but not in the
control group. Thus, 38.5% of PR-positive tumors treated
Fig 2. Simple mammary carcinoma. The nuclei of 5% tumor cells
are labeled for Ki67 antigen. ABC immunohistochemical method.
Bar5 20 mm.
Fig 3. Complex mammary carcinoma. Single cells (1%) within the
tumor are labeled for cleaved Lamin A. LSAB immunohistochem-
ical method. Bar5 20 mm.
Table 3. Proliferation index (PI) before (day 1) and af-
ter treatment (day 15) with RU534 or vehicle (control
group) in tumors grouped according to progesterone
receptor status at day 1.
Mean  SD of PI (%)
PR Status at Day 1 Day 1 Day 15
Control group PR1 (n5 3) 8.1  5.3 8.4  2.4
PR (n5 2) 15.3  1.5 10.7  2.0
RU534-treated group PR1 (n5 13) 7.7  3.9 4.3  4.5a
PR (n5 9) 6.6  4.7 10.5  9.0
PR1, progesterone receptor-positive; PR, progesterone recep-
tor-negative; SD, standard deviation.
aPo .05 versus day 1. Paired t test.
Table 4. Apoptotic index (AI) before (day 1) and after
treatment (day 15) with RU534 or vehicle in tumors
grouped according to progesterone receptor status at
day 1.
Mean  SD of AI (%)
PR Status at Day 1 Day 1 Day 15
Control group PR1 (n 5 3) 2.1  1.9 2.3  1.2
PR (n5 2) 0.4  0.3 0.6  0.2
RU534-treated group PR1 (n 5 13) 1.5  1.3 1.0  0.5
PR (n5 9) 1.4  0.8 1.1  0.9
PR1, progesterone receptor-positive; PR, progesterone recep-
tor-negative; SD, standard deviation.
Po .05 versus day 1. Paired t test.
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with RU534 became negative. These data suggest that
treatment with RU534 may be associated with down-reg-
ulation of PR, a ﬁnding already described in mammary
tumors of rats after treatment with the aglepristone analog
RU486.19 The loss of PR may be associated with its phos-
phorylation after ligand binding. RU486 has been shown
to phosphorylate the PR without transcriptional effects.
However, phosphorylated PR is targeted for degrada-
tion.20 These cells with degraded PR may have been
induced to differentiate terminally.21 The decrease of PI
after RU534 treatment of dogs bearing mammary carci-
nomas is compatible with the selective preservation of
clones of slowly proliferating cells during treatment, as
previously suggested by others studying human tumors.14
The approach of using core biopsies to assess molecu-
lar markers before and after treatment as we have used in
the present study has become widely used in a number of
studies in human medicine. It has, however, some limita-
tions, including the effects of intratumoral heterogeneity
in the evaluation of the response to treatment. We have
tried to avoid this limitation by identifying the area
where the core biopsy had been taken with suture mate-
rial in the surgical specimen. In this way, tissue samples
used for comparison studies were taken from the same
area of the lesion. In addition, incision biopsies with
necrotic areas were not used in this study. Also, the
inﬂuence of overall tumor size heterogeneity on these
results should be evaluated further.
In conclusion, immunohistochemical staining for
Ki67, cleaved lamin A, and PR antigen has provided ob-
jective measures of the major biological effects of therapy
with RU534 in canine mammary carcinoma, but further
studies with both more samples and correlation data be-
tween these biological effects and clinical variables
should be carried out. The present data indicate that se-
lection for neoadjuvant endocrine therapy should be
based primarily on hormone receptors status, because
dogs treated with neoadjuvant endocrine therapy are
most likely to respond and derive clinical beneﬁt when
their tumors are a PR-positive.
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3.2. Estudio de las isoformas del RP 
mediante RT-qPCR en displasias y 
tumores de mama caninos fijados en 
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51 
Background: Progesterone receptors (PR) play a key role in the development of canine 52 
mammary tumors and there are recent evidences which focus on PR as possible 53 
therapeutic targets using antiprogestins. Cloning and sequencing of the PR gene has 54 
shown that the canine PR has two isoforms, PRA and PRB, transcribed from a single 55 
gene. Experimental studies in human breast cancer suggest that the differential 56 
expression of PR isoforms has implications for hormone therapy responsiveness.  57 
Objetives: The aim of the present study was to study the relationship between the 58 
effects of the antiprogestin aglepristone in cell proliferation and mRNA expression 59 
levels of PRA and PRB in canine mammary carcinomas.  60 
Animals: Twenty seven no spayed female dogs with a histological diagnosis of 61 
mammary carcinoma were treated with 20 mg/Kg aglepristone (22) or vehicle (5) twice 62 
before surgery.  63 
Methods: Formalin fixed, paraffin embedded tissue samples taken before and after 64 
treatment were used to analyze PR, PRA and PRB by RTqPCR and Ki67 antigen 65 
labeling by immunohistochemistry.  66 
Results: Both PR and PRA mRNA expression levels decreased after treatment with 67 
aglepristone. Further, a significant decrease in proliferation index (percentage of Ki6768 
labeled cells) was observed in aglepristonetreated tumors which expressed PR and 69 
PRA.  70 
Conclusions and clinical importance: These findings suggest that the antiproliferative 71 
effects of aglepristone in canine mammary carcinoma are mediated by PRA.  72 
 73 
 74 
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Epidemiological and clinical data indicate that progesterone has proliferative effects on 75 
normal and neoplastic canine mammary epithelium1. At time of diagnosis, some two 76 
thirds of canine mammary carcinomas have progesterone receptor (PR) labeling by 77 
immunohistochemistry2 (IHC) and neoadjuvant treatment of these tumors with the 78 
antiprogestin aglepristone decreased cell proliferation on a PRlabeling dependent 79 
basis3.  Aglepristone is currently used in clinical practice for induction of abortion and 80 
pyometra as well as for proliferative progesteronedependent diseases such as mammary 81 
fibroadenomatous hyperplasia in queens and vaginal tumors in bitches.  82 
Similarly to human PR, canine PR exists as two isoforms known as PR isoform 83 
A (PRA) and PR isoform B (PRB), which are transcribed from a single gene under the 84 
control of distinct promoters4. Under physiological conditions, tissue samples from 85 
normal human breast express both PRA and PRB at equimolar levels5. However, an 86 
altered PRA/PRB ratio is often associated with breast carcinogenesis with a 87 
predominance of PRA over PRB in benign and malignant human breast tumors5. In the 88 
canine species, there are controversial results due to the paucity of studies on the issue 89 
and the limited number of samples analyzed. Western blot analysis of two canine 90 
mammary glands in metoestrus, two in anoestrus and two after prolonged treatment 91 
with progestins showed that PRA was equimolar or more prominently present than PRB 92 
in most of the samples whereas predominance of PRB was found in one case only4. 93 
Further, predominant staining for PRA with less intense staining of PRB was observed 94 
in two normal, three hyperplasias and three carcinomas of the canine mammary gland 95 
by Western blot analysis also6.  96 
Despite their structural similarities, human PRA and PRB have demonstrated to 97 
have different functions since they regulate different subset of genes7. In human breast 98 
cancer, carcinomas with higher levels of PRA than PRB were inhibited by 99 
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antiprogestins whereas carcinomas with high levels of PRB did no respond to endocrine 100 
treatment7. Accordingly, it has been suggested that the evaluation of PR isoforms A and 101 
B may be important in prognosis and therapeutic decisions5. We have previously shown 102 
that 1) neoadjuvant treatment with aglepristone decreases cell proliferation in 103 
carcinomas with immunohistochemical PR labeling3 and 2) PRA and PRB mRNA 104 
expression can be analyzed in formalin fixed, paraffinembedded tissue samples of the 105 
canine mammary gland by RTqPCRa. The aim of the present study was to study the 106 
relationship between the effects of aglepristone in the proliferation index and the mRNA 107 
expression levels of PRA and PRB in canine mammary carcinomas. 108 
  109 
110 
111 
Formalinfixed paraffin embedded (FFPE) tissue samples of 27 canine mammary 112 
carcinomas were used. These samples were taken from a series of 27 no spayed female 113 
dogs that received 2 subcutaneous injections of aglepristoneb (22 dogs) or vehicle (5 114 
dogs) on days 1 and day 7 before surgery at day 153. To analyze the effects of 115 
aglepristone, a core biopsy was taken on day 1 before treatment and at day 15 through 116 
surgery3. Fixation time ranged between 24 and 48 hours, and paraffin blocks were 117 
stored at 4 ºC. Histological types of tumors included 14 complex carcinomas, 6 simple 118 
carcinomas, 5 carcinomas in benign tumor, 1 carcinosarcoma and 1 squamous cell 119 
carcinoma. 120 
 121 
 122 
For RNA isolation, the RNase FFPE kitc was used according to manufacturers’ 123 
recommendations. RNA yields and purity were determined by the spectrophotometric 124 
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absorbance at 260 nm (A260) measured using the NanoDrop® ND1000 125 
spectrophotometerd and stored at 80 ºC until using. Then, RNA was amplified using the 126 
LightCycler® 480 RealTime PCR System. Onestep RTqPCR was performed using 127 
the QuantiFast® SYBR® Green RTPCRc and according to the previously described 128 
protocola.   Caninespecific primers for PR gene were designed specifically to target the 129 
region of canine isoform B and the common region of both isoforms (total PR) using 130 
Primer3Plus.The expression of PR was normalized relative to two canine housekeeping 131 
genes hypoxanthine phosphoribosyltrasnferase 1 (HPTR1) and canine ribosomal 132 
protein L32 (RPL32). Table 1 summarizes the sequences of the forward and reverse 133 
primers for PR gene and housekeeping genes. Reverse transcription negative controls 134 
and non template controls were included.  135 
RTqPCR data was presented as 2∆Ct where Ct  = CtTARGET –CtRPL32/HPTR1, and 136 
CtRPL32/HPTR1 is the average of the Ct values of the two housekeeping genes for each 137 
sample. The amount of PRA was calculated by subtracting the relative amount of PRB 138 
from that of the total PR according to other studies in human medicine8. The PR 139 
positivestatus cutoff was established at 0.04 values since it represented the best 140 
concordance with IHC results (Kappa index 0.06, Figure 1).   141 
 142 
143 
144 
The commercial mouse monoclonal antihuman PR antibodye (clone 10A9) 145 
isotype IgG2 diluted 1:500 and the ABC method
f were applied as described3. This 146 
antibody recognizes the recombinant hormonebinding domain of human PR located on 147 
the Cterminal region which is a common region of PRA and PRB. BLAST analysis 148 
demonstrated that the epitope detected by this clone (extreme Cterminus of the human 149 
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PR) is identical to the corresponding part of the canine PR which may be used in the 150 
canine species as well http://blast.ncbi.nlm.nih.gov/. PR labeling was evaluated 151 
quantitatively in digital pictures of tissue sections taken at a 40x magnification from 4 152 
randomly selected neighboring, non overlapping fields per sample. The number of 153 
positive and negative cells was counted with ImageJ softwareg. A minimum of 1000 154 
tumor cells were counted per case. PR labeling was expressed as the percentage of 155 
positive cells related to the total number of cells. Classification of PR status of 156 
carcinomas by IHC was done using a cutoff of 10%.  157 
158 
Proliferation index was previously analyzed by IHC in all samples (GuilLuna et al., 159 
2011). The monoclonal mouse antihuman Ki67 antigen (clone MIB1) isotype IgG1
h 160 
diluted 1:75 and the ABC method was applied as described3. Positive and negative 161 
tumor cells were counted with a pen tableti. PI was expressed as the percentage of 162 
positive tumor cells related to the total number of cells. A minimum of 1000 cells were 163 
counted per case. 164 
165 
For statistical data evaluation the software GraphPad PRISM 5 version 5.01j was used. 166 
The values were evaluated for normality analysis using the D’AgostinoPearson 167 
normality test. Differences between the means of RU534treated tumors before and after 168 
treatment were assessed by paired ttests or Wilcoxon test. Concordance degree between 169 
RTqPCR and IHC methods was estimated by Cohen´s κ coefficient. A P value < 0.05 170 
was regarded as statistically significant.    171 
172 
173 
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Sixty percent of control and 59.1% of experimental tumors were classified as PR 174 
positive tumors at the time of diagnosis3. Before treatment, complex carcinomas and 175 
carcinomas in benign tumor were PRpositive (86% each) more frequently than simple 176 
carcinomas (33%).  After treatment, a decrease in the number of PRpositive tumors 177 
was observed in aglepristonetreated tumors exclusively. On the contrary, a single case 178 
of PRnegative tumor at day 1 was found to be PRpositive at day 153.  179 
 180 
181 
Before treatment, PR mRNA values ranged from 0 to 0.27 while figures after treatment 182 
ranged from 0.01 to 0.15. According to RTqPCR results, 60% of control and 55% of 183 
experimental tumors were considered to be PRpositive before treatment. Complex 184 
carcinomas and carcinomas in benign tumor had similar PR mRNA (0.075 and 0.069, 185 
respectively) whereas simple carcinomas showed the lowest levels (p =0.002 and p= 186 
0.04, respectively). A significant decrease of PR mRNA was observed after treatment in 187 
PRpositive aglepristonetreated tumors exclusively (p = 0.001) (Table 2) whereas 188 
control and PRnegative aglepristonetreated tumors did not show any significant 189 
change.  190 
Before treatment, PRA mRNA values ranged from 0 to 0.21 and PRB mRNA 191 
values from 0 to 0.06. Corresponding figures after treatment were 0.01 to 0.11 for PRA 192 
and 0 to 0.06 for PRB. Some 50% of samples had 3 to 10 folds higher expression of 193 
PRA mRNA than PRB mRNA at day 1, and this expression of PRA was significantly 194 
higher than the expression of PRB in 82 % of control and experimental carcinomas (P = 195 
0.003). At day 15, a significant decrease of PRA expression was observed in PRA196 
positive aglepristonetreated tumors exclusively (p=0.001) (Table 3) whereas PRA197 
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negative or control tumors did not show significant changes. PRB expression was not 198 
affected by aglepristone treatment in any case (Table 4).  199 
 200 
201 
 A significant decrease in PI after aglepristone treatment was observed in PR and PRA202 
positive tumors of the treated group exclusively (P = 0.007, P = 0.01, respectively) 203 
(Figure 2, Figure 3). Nearly 70% of those cases had a PI reduction of ≥ 20%. No 204 
significant changes in the PI were observed when PRB expression was taken into 205 
account (Figure 4).  206 
 207 
 208 
209 
Results of this study showed that the proliferation index of PR and PRApositive 210 
tumors decreased significantly after aglepristone treatment. These findings confirm 211 
previous data indicating a direct relationship between PR labeling and the 212 
antiproliferative effect of aglepristone in canine mammary carcinoma3 and suggest that 213 
this effect is mediated by PRA.  214 
         In normal human breast, PRA and PRB are generally expressed at similar levels 215 
but in breast cancers, their ratio is deregulated with a predominance of PRA over PRB5. 216 
In this study, canine mammary carcinomas showed higher PRA than PRB expression 217 
levels. These results are in agreement with those reported in human breast cancer as 218 
well as in the few samples of mammary tumors studied in the canine species4,6.   219 
      In women, more than 70% of breast cancers express estrogen receptors and PR and 220 
are thus eligible for adjuvant endocrine therapy5. This adjuvant therapy is designed to 221 
target the ER by using ER modulators or by inhibiting the endogenous synthesis of 17β222 
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estradiol with aromatase inhibitors. Some recent investigations point to PR as a 223 
therapeutic target as well5. In this regard, different experimental models of breast cancer 224 
have demonstrated an inhibitory effect of antiprogestins either alone or together with 225 
antiestrogens9. In female dogs, some 75% of carcinomas express PR by 226 
immunohistochemistry2 but, contrary to the situation in women, adjuvant endocrine 227 
treatment aimed to block the PR is not used.  228 
In the present study, tumors with PR and PRA at day 1 presented a significant 229 
decrease in the proliferation index after aglepristone treatment. Results concerning PR 230 
expression levels are in agreement with those previously reported in which PR status 231 
was determined by immunohistochemical labeling3. Moreover, a high concordance was 232 
found between PR expression by RTqPCR and IHC, as described in human studies10.  233 
However, results concerning the relationship between PR isoforms and proliferation of 234 
canine mammary carcinomas are novelty. In human breast cancer, several studies have 235 
associated the inhibitory effect of antiprogestins to PRA but not to PRB expression7. In 236 
these studies, a down regulation of PRA was observed, as in canine carcinomas, and 237 
suggested to be responsible for the antiproliferative effects of antiprogestins. The fact 238 
that we have not observed significant changes regarding PI and PRB mRNA in tumors 239 
analyzed suggests that PRA mediates the antiproliferative effect of aglepristone and 240 
highlights the differential roles of PRA and PRB in the canine mammary gland. 241 
In conclusion, results have shown that neoadjuvant treatment of canine 242 
mammary carcinomas with the antiprogestin aglepristone reduced cell proliferation in 243 
those tumors considered PRpositive by the RTqPCR method. They have also shown 244 
the same effect of aglepristone in PRApositive tumors, suggesting that the 245 
antiproliferative effect of aglepristone in canine mammary carcinoma is most probably 246 
mediated by PRA.  247 
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313 
314 
315 
PR: Progesterone receptor; PRB: Progesterone receptor isoform B; 316 
HPTR1:Hypoxanthine phosphoribosyltransferase 1; RPL32: Canine ribosomal protein 317 
L32 318 
319 
320 
321 
 322 
  
 5’GGCTTGCCGCAGGTGTACCA3’ 5’ ACTGTGGGCTCTGGCTGGCA3’ 
 5´CCCGGGCGGATCCGAGACT3´  5´ACTGTGGGCTCTGGCTGGCA3 
 5’TGCAGACTTTGCTTTCCTTGGTCA3’ 5’TCGAGGGGTCCTTTTCACCAGCA 3’ 
 5’GGCTGCCCTCAGACCTCTGGT 3’ 5’TCGGTCTGACTGGTGCCGGA 3’ 
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323 
324 
325 
PR: Progesterone receptor; SD: Standard deviation; PR+: Progesterone receptor 326 
positive; PR: Progesterone receptor negative. 327 
328 
329 
 330 
 331 
 332 
 333 
 334 
                                     Mean ± SD of PR expression (2^∆Ct) 
 PR status at day 1 Day 1  Day 15  
Control group    
PR+  0.07 ± 0.02 0.08 ± 0.06 
PR  0.02 ± 0.00 0.03 ± 0.00 
Treated group 
PR+  0.10 ± 0.07 0.04 ± 0.03* 
PR 0.02 ± 0.01 0.05 ± 0.05 
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335 
336 
 337 
PRA: Progesterone receptor isoform A; SD: Standard deviation; PRA+: Progesterone 338 
receptor isoform A positive; PRA: Progesterone receptor isoform A negative. 339 
 340 
 341 
342 
343 
344 
 345 
                                     Mean ± SD of PRA expression (2^∆Ct) 
 PRA status at day 1 Day 1  Day 15  
Control group    
PRA+  0.05 ± 0.02 0.08 ± 0.06 
PRA  0.02 ± 0.01 0.03 ± 0.00 
Treated group 
PRA+  0.09 ± 0.05 0.05 ± 0.02* 
PRA 0.01 ± 0.01 0.03 ± 0.04 
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346 
347 
 348 
PRB: Progesterone receptor isoform B; SD: Standard deviation; PRB+: Progesterone 349 
receptor isoform B positive; PRB: Progesterone receptor isoform B negative. 350 
 351 
 352 
 353 
 354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
                                     Mean ± SD of PRB expression (2^∆Ct) 
 PRB status at day 1 Day 1  Day 15  
Control group    
PRB+  0.018 ± 0.01 0.015 ± 0.02 
PRB  0.007 ± 0.00 0.007 ± 0.001 
Treated group 
PRB+  0.018 ± 0.01 0.015 ± 0.01 
PRB 0.006 ± 0.002 0.006 ± 0.003 
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377 
378 
Comparison of RTqPCR values versus immunohistochemical assessment in 379 
the 27 samples. The Yaxis shows PR expression values by RTqPCR and X axis the PR 380 
(+) and () samples according IHC. The cutoff for PR (+) status by RTqPCR is 381 
indicated by the horizontal broken line. Black points show discrepancy between both 382 
methods.383 
384 
385 
386 
Proliferation index. Effect of aglepristone treatment on the Ki67 percentage 387 
on PRpositive treated (A), PRnegative treated (B), PRpositive control (C) and PR388 
negative control (D) canine mammary carcinomas at day 1 and day 15. * P < 0.05.389 
390 
391 
Proliferation index. Effect of aglepristone treatment on the Ki67 percentage 392 
on PRApositive RU534treated (A), PRAnegative RU534treated (B), PRApositive 393 
control (C) and PRAnegative control (D) canine mammary carcinomas at day 1 and 394 
day 15. * P < 0.05.395 
396 
Proliferation index. Effect of aglepristone treatment on the Ki67 percentage 397 
on PRBpositive treated (A), PRBnegative treated (B), PRBpositive control (C) and 398 
PRBnegative control (D) canine mammary carcinomas at day 1 and day 15. * P < 0.05.399 
400 
401 
402 
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3.4. Los antiprogestágenos 
mifepristona y onapristona 
reducen la proliferación celular 
en las células de carcinoma de 
mama canino CMT-U27
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Introduction
 Canine mammary tumours (CMTs) represent nearly half of 
all tumours in female dogs and some 50% have malignant behaviour 
(Sorenmo et al. 2013). Epidemiologic, clinical and experimental data 
indicate that CMTs are hormone-dependent, that is, are strongly influenced 
by ovarian hormones, mainly estrogens and progesterone (P) (Sorenmo 
et al. 2013). Prolonged exposure to high concentrations of progesterone 
during the comparatively long luteal phase of the oestrous cycle is 
suspected to be the key event in canine mammary tumorigenesis (Evans 
et al. 1969). Ovariectomized female dogs when exposed to progestins 
for 6-12 months developed mammary gland hyperplasias and/or benign 
tumours (Selman et al. 1994; Bhatti et al. 2007). Further, occurrence of 
mammary carcinomas has been reported in dogs upon administration of 
high doses of progestins (Kwapien et al. 1980). Studies of gene expression 
profiles indicate a strong cell proliferation inducing effect of progestins in 
canine mammary hyperplasia and carcinoma (Rao et al. 2009). In women 
with breast cancer, hormone therapy is mostly focused on the blockade of 
oestrogen receptors as well as on the use of aromatase inhibitors because 
these receptors are expressed in approximately 70% of all cases (Knoop 
et al. 2007; Lanari et al. 2012). In the dog, two-thirds of mammary 
carcinomas express P receptors (PR) (Geraldes et al. 2000; Martín de las 
Mulas et al. 2005; Chang et al. 2009) with differences in expression level 
among different histological subtypes. Thus, luminal epithelial cell-type or 
simple epithelial carcinomas (Misdorp et al. 1999) have lower PR expression 
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than tumours composed of luminal epithelial and myoepithelial cells either 
alone or combined with mesenchymal components (the so-called complex 
and mixed carcinomas, respectively) (Misdorp et al. 1999; Martín de las 
Mulas et al. 2005). Simple epithelial carcinomas have shorter disease free 
periods after surgery than their complex and mixed counterparts (Martín 
de las Mulas et al. 2005) and may thus be the histological subtype that 
benefits most from the use of endocrine therapy. Recently, neoadjuvant 
administration of the antiprogestin aglepristone (RU534) to non-spayed 
female dogs with spontaneous mammary carcinomas was shown to 
reduce tumour cell proliferation on a PR-expression basis (Guil-Luna et 
al. 2011). In that work, the highest decrease in cell proliferation was 
observed in simple epithelial carcinomas. The aim of the present study was 
to analyze the effects of the RU534 analogue mifepristone (RU486) and 
the antiprogestin onapristone (ZK299) on a PR-positive canine mammary 
carcinoma cell line isolated from a simple epithelial carcinoma.
Materials and Methods
Cell line
The CMT-U27 cell line was established from a canine simple mammary 
carcinoma and has been given an account previously (Hellmén 1992; 
Misdorp et al. 1999; Król et al. 2009, 2010; Pawlowski et al. 2011). RU486 
and ZK299 were kindly provided by Exelgyn, Paris (France) and Shering, 
Berlin (Germany), respectively. 
Cell culture
The cell line was cultured in RPMI 1640 medium (Sigma-Aldrich, St Louis, 
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MO, USA), supplemented with 10% foetal bovine serum (FBS; Gibco, 
Carlsbad, CA, USA), penicillin-streptomycin (50 iU mL-1) and kept at 37 ºC 
in 5% CO2 atmosphere in 75 cm2 culture flasks to 80% confluence. For 
the experiments, cells were grown in phenol red-free and steroid-deficient 
RPMI 1640 medium with antibiotics but without FBS supplemented. 
Treatment of cells
Initially, the cells were cultured in complete RPMI medium without and with 
0.01% ethanol for 24, 48 hours respectively. No significant differences on 
cell number were observed. Thus, the experiments were carried out with 
0.01% ethanol supplement. CMT-U27 cells were treated with RU486 and 
ZK299 in absolute ethanol (final concentration 0.01%) at 10-6M (Lin et 
al. 2001; Formby et al. 1999; Neubauer et al. 2011) during 24h and 48h 
each. Control cells were treated with 0.01 % ethanol for 24 and 48 hours. 
All experiments were performed in triplicate.
Cell proliferation and viability assay
The colorimetric WST-8 assay (Promokine, Sweden) based in the WST-
8 reduction by cellular dehydrogenases to an orange formazan product 
which is directly proportional to the number of living cells was used. 
Following manufacturer’s recommendations, the optimal number of cells 
per well ensuring exponential cell growth for the entire period of the assay 
was first established at 2500 cells/well (Fig. 1). Then, cells were seeded 
in 96-well plates at a density of 2500 cells per well. After 24h attachment 
and three times rinsing in phosphate buffered saline, the medium was 
changed for phenol-red free steroid-deficient RPMI 1640 medium and 
the drugs (RU486 and ZK299) were added. After incubations, 10μl of 
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CCVK-I solution was added and measures of the absorbance at 450 
nm were performed using a Multiscan Ascent microplate reader. Each 
sample was analysed in triplicate, and the mean value of absorbance 
was used as the final result.
PR expression immunocytochemical assay
Cultured cells were fixed in 4% formalin and embedded in paraffin using 
cell culture block technique (Li et al. 2005; Andersson et al. 2006; Mote 
et al. 2001). The monoclonal mouse PR antibody (clone 10A9) isotype 
IgG2 (Immunotech, Marseille, France) diluted 1:400 was used for the 
detection of PR expression. A commercial diluent (Dako, Barcelona, 
Spain) was used. Heat induced antigen retrieval in a water bath at 95-99 
ºC with 0.01M citrate buffer (pH 6.0) for 25 min was used. After cooling 
down at room temperature for about 30 min, slides were covered with 
10% normal goat serum in PBS for 30 min before incubation with the 
primary antibody for 18 hours at 4 ºC. The avidin-biotin-peroxidase 
complex (Vector Laboratories; Burlingame, CA, USA) was applied for 1 
hour at room temperature. The chromogen, 3,3-diaminobenzidine tetra-
hydrochloride (Sigma, Saint Louis, USA) diluted 0.035% in 0.05 M Tris 
containing 0.3% of hydrogen peroxide was applied to the slides for 1 min 
at 20-22 ºC. For negative controls, the primary antibody was replaced 
by mouse IgG2 (Dako, Barcelona, Spain).  As positive control, formalin-
fixed, paraffin embedded tissue samples of canine normal mammary 
gland were used. 
 The number of positive and negative cells was counted at a 
magnification of 40x by two different pathologists to ensure uniformity. All 
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cells present in each slide (5 slides for each with an average of 1500 cells/
slide) were counted. PR expression was expressed as the percentage of 
positive cells related to the total number of cells. 
Statistical analysis
Statistical analysis was carried out by the GraphPad Software 3.05 
(San Diego, CA). The values were evaluated for approximate normality 
of distribution by the Kolmogorov-Smirnov test. Differences between 
treatments were assessed by Mann-Whitney test. Results were expressed 
as mean ± SD. A p<0.05 was regarded as statistically significant. 
Results
Cell proliferation and viability 
RU486 (p<0.05) and ZK299 (p<0.05) reduced the number of viable cells 
at 24h (Fig. 2).
PR expression 
Immunoreactive cells exhibited a nuclear staining pattern (Fig. 3). 
Twenty five percent of CMT-U27 control cells expressed PR.  This figure 
was similar in all groups of RU486-treated cells but ZK299 treatment 
significantly reduced PR expression in tumour cells at 24h of incubation 
(p<0.05) (Fig.  4). 
Discussion
Present results show that treatment of CMT-U27 cells with 10-6M RU486 
or 10-6M ZK299 reduced the number of tumour cells. Results also show 
that the number of PR-positive cells decreased after ZK299 treatment 
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exclusively. These findings show that this CMT-U27 cell line is sensible 
to the effects of antiprogestins and may be useful to analyze the role of 
these drugs in canine mammary tumours.
 The CMT-U27 cell line has a high growth rate and anti-apoptotic 
potential associated with enhanced expression of genes involved in 
Ca2+ signalling pathway and growth hormone cellular pathway (Król 
et al. 2009). It was isolated from a simple epithelial carcinoma, the 
histological subtype with the shortest disease free period after surgery 
(Misdorp et al. 1999; Martín de las Mulas et al. 2005). For this reason, 
simple epithelial carcinomas may be suitable targets for endocrine 
therapy in female dogs. In vivo, these tumours are known to have a 
low expression level of PR as in the present case where some 25% 
of the CMT-U27 cells were labelled with the PR10A5 anti-PR antibody 
(Geraldes et al. 2000; Martín de las Mulas et al. 2005; Chang et al. 
2009). In spite of this fact, PR-positive simple epithelial carcinomas 
not only responded to the antiproliferative effect of aglepristone in vivo 
but showed a decrease in MIB-1 index higher than complex and mixed 
carcinomas (Guil-Luna et al. 2011).  
 
 RU486 and ZK299 are antiprogestins that compete with P 
hormone binding at the receptor level and have demonstrated to have 
powerful effects on growth inhibition of mammary tumors and their 
metastasis in rodents and human breast cancer cell lines (Horwitz et 
al. 1992; Tieszen et al. 2011). 
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 RU486 is a type II, partial PR antagonist that promotes PR 
binding to DNA (Lanari et al. 2012). In CMT-U27 cells, RU486 reduced 
the number of viable cells at 24 h of incubation. This finding is consistent 
with previous reports demonstrating a cytotoxic effect of RU486 in PR-
positive human breast cancer cell lines T47D and MCF-7 (Bardon et al. 
1987; Gaddy et al. 2004; Tieszen et al. 2011). It remains unclear whether 
the mechanism through which RU486 induces cytotoxicity in tumour cells 
is mediated by PR or not. In this study, we observed that RU486 had no 
effect on PR expression in accordance with previous findings (Hurd et 
al. 1999; Navo et al. 2008). Explanations for this finding are speculative 
and include 1) the failure of RU486 to induce the structural changes in 
the receptors that lead to their down regulation by degradation through 
an ubiquitin-proteasome pathway once the antagonist-PR complex is 
created (Hurd et al. 1999; Zhang et al. 2007) and 2) the PR-independent 
cytotoxic activity of RU486 (Liang et al. 2003; Tieszen et al. 2011). The 
latter explanation is very interesting because the capacity of RU486 to 
decrease cell viability coupled with its lack of effect on PR expression 
suggests that sequential hormone therapy could be administered without 
any loss of efficacy.  
 ZK299 is a type I, full PR antagonist, unable to induce PR binding 
to P response elements or promote DNA-dependent phosphorylation. 
Although it has been attributed a 10-fold lower affinity of ZK299 for PR than 
RU486 (Hurd et al. 1999), our present results show that a concentration 
of 10-6M ZK299 has substantial effect on the CMT-U27 cells. Thus, ZK299 
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decreased both cell viability and the number of viable PR-positive cells. 
Numerous reports have found ZK299 to reduce cell proliferation in PR 
positive breast cancer cell lines (Classen et al. 1993; Iwasaki et al. 1999) 
and to induce quantitative alterations of PR in breast cancer cells (Hurd 
et al. 1999) which suggests that down regulation of PR might play a role 
in the effects of this PR antagonist (Hurd et al. 1999). The possibility 
exists that complete occupation of available PR by “pure” progestin/
antiprogestins is necessary for PR down regulation. Again, the antagonist-
PR complex may have induced structural changes in the receptors that 
lead to their degradation through an ubiquitin-proteasome pathway (Hurd 
et al. 1999; Zhang et al. 2007). Our present results suggest that both 
RU486 and ZK299 induce a decrease in the number of viable CMT-U27 
tumour cells with different effect on PR expression.  The fact that just 
25% of the untreated CMT-U27 cells expressed PR might reflect some 
underlying heterogeneity in this cell population and clonal expansion is 
likely present in vitro. For further experimental studies on antiprogestins, 
the number of studied cell lines should be expanded and preferably also 
include cells that lack PR (Hellmén et al. 2000).
 In conclusion, the canine mammary carcinoma cell line CMT-U27 is 
sensible to the effects of antiprogestins and may serve to further explore 
the role of these drugs in canine mammary carcinomas. 
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Figure legends
Fig. 1 Growth rate of CMT-U27 cell line in different initial cell concentra-
tion (range of 1250 to 20000 cells/well)
Fig. 2 Cell proliferation assay. Effect of mifepristone (RU486) and ona-
pristone (ZK299) treatment on the viability of CMT-U27 cells at 24 and 
48h of incubation. The results are expressed as mean±SD. * p < 0.05. 
Mann-Withney test 
Fig. 3 PR expression by immunocytochemical assay. CMT-U27 cells show 
nuclear labelling with anti-PR antibody. ABC method. Bar 10µm
Fig. 4 PR expression related to cell treatment. Percentage of total PR 
positive cells in CMT-U27 cells with treated with mifepristone (RU486) and 
onapristone (ZK299) at 24 and 48h of incubation. The results are expres-
sed as mean±SD. * p < 0.05. Mann-Withney test.
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4. 

4. Conclusiones Estudios
1 El tratamiento neoadyuvante de perras con carcinoma de mama con el antiprogestágeno aglepristona disminuye la 
proliferación celular en los casos con expresión de receptores de 
progesterona analizados tanto con una técnica inmunohistoquímica 
como con la técnica cuantitativa de la RT-qPCR.
2 La disminución de la proliferación inducida por el tratamiento de las perras con el antiprogestágeno aglepristona se asocia 
a la expresión de la isoforma A del RP exclusivamente en carcinomas 
de mama canina.
3 El tratamiento neoadyuvante de perras con carcinoma de mama con el antiprogestágeno aglepristona disminuye la 
expresión del receptor de progesterona completo y de la isoforma A 
del receptor de progesterona exclusivamente.
4Las muestras de tejido de la mama canina displásica y neoplásica procesadas rutinariamente para estudio 
histopatológico son válidas para analizar la expresión del ARNm del 
receptor de progesterona y de sus isoformas A y B mediante la técnica 
de RT-qPCR.  
5Las células de carcinoma de mama canino CMT-U27 tienen un nivel de expresión inmunohistoquímica de receptores de 
progesterona bajo que es característico de los carcinomas simples in 
vivo.
6 Las células de carcinoma de mama canino CMT-U27 son sensibles a los efectos de los antiprogestágenos mifepristona 
y la onapristona y pueden ser útiles para futuros estudios relacionados 
con el uso de estos fármacos en el cáncer de mama.  
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4. Conclusions Estudios
1In female dogs with mammary carcinoma, neoadyuvant treatment with the antiprogestin aglepristone decreases 
cell proliferation in cases with progesterone receptor expression as 
determined by both immunohistochemistry and RT-qPCR. 
2. The decrease in cell proliferation induced by aglepristone treatment in female dogs with mammary carcinoma is 
associated with the expression of isoform A of progesterone 
receptor exclusively.
3. In female dogs with mammary carcinoma, neoadyuvant treatment with the antiprogestin aglepristone decreases 
both  total progesterone receptor and progesterone receptor isoform 
A expression. 
4. Tissue samples of canine mammary dysplasias and neoplasias routinely processed for histopathological study are 
valid to analyze the mRNA expression of the progesterone receptor 
and their isoforms A and B by RT-qPCR.  
5. Canine mammary carcinoma cell line CMT-U27 has a low level of progesterone receptor expression as measured by 
immunohistochemistry which is characteristic of simple carcinomas 
in vivo. 
6. Canine mammary carcinoma CMT-U27 cells are sensitive to the effects of the antiprogestins mifepristone and onapristone 
and may be useful for future studies on the use of these drugs in 
mammary carcinoma.  
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5. Resumen Resum
en
Los tumores de mama en la especie canina representan casi la mitad de las neoplasias que afectan a la perra. Dada su elevada 
frecuencia, los tumores de mama caninos son importantes causas de 
morbilidad y mortalidad. Alrededor del 50% de los tumores mamarios 
diagnosticados son considerados malignos y por tanto, con una evolución 
clínica postquirúrgica desfavorable. Muchos de ellos tienen receptores de 
progesterona (RP), dato que evidencia la importancia de esta hormona 
en el desarrollo de la enfermedad. Sin embargo, a diferencia de lo que 
ocurre en la mujer con el receptor de estrógenos, no hay datos sobre los 
efectos de los antiprogestágenos en el tratamiento sistémico de las perras 
con cáncer de mama. En este trabajo hemos analizado los efectos in vivo 
e in vitro de los antiprogestágenos sobre la proliferación del carcinoma de 
mama canino con expresión de RP. 
 El estudio in vivo se realizó en 27 perras no castradas (22 
experimentales y 5 controles) con tumores espontáneos tratadas con 
2 dosis de 20 mg/Kg de aglepristona antes de la cirugía y observamos 
una disminución de la proliferación celular (índice Ki67, MIB-1, método 
ABC) en los tumores que tenían receptores de progesterona tanto con 
una técnica inmunohistoquímica (anticuerpo PR10A9, técnica ABC) 
como la técnica cuantitativa de reacción en cadena de la polimerasa en 
tiempo real (RTqPCR). Esta última técnica se estandarizó y aplicó por 
primera vez en la literatura sobre muestras de displasias y tumores de la 
mama canina procesadas rutinariamente para estudio histopatológico y 
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permitió analizar no solo la expresión del RP completo sino también de sus 
isoformas A y B. La isoforma A resultó ser la de expresión más frecuente 
en el carcinoma de mama canino y la que estaba asociada a la reducción 
de la proliferación celular en los animales tratados con aglepristona. Otro 
efecto del tratamiento in vivo fue la disminución de los RP en las muestras 
postratamiento tanto completo como de la isoforma A. 
 El estudio in vitro se realizó en la línea celular de carcinoma de mama 
canino CMT-U27 tratada con 10-6M de los antiprogestágenos mifepristona 
y onapristona durante 24 y 48 horas, y observamos una disminución de la 
proliferación celular (test de viabilidad WST-8) con ambos agentes a las 24 
horas de tratamiento. También observamos que las células CMT-U27 tenían 
una expresión inmunohistoquímica baja (25%) de RP compatible con los 
niveles de expresión del tipo histológico del que fue aislada (carcinoma 
simple) y que la onapristona, pero no la mifepristona, disminuyeron los 
niveles de RP a las 24 horas. Los resultados de estos estudios indican que 
las células del carcinoma de mama canino que expresan RP son sensibles 
a los efectos antiproliferativos de los antiprogestágenos tanto in vivo como 
in vitro.  
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5. Summary Sum
m
ary
Canine mammary tumours account for nearly half of the neoplasms affecting the female dog. Given their high frequency, mammary 
tumours are important causes of morbidity and mortality. Some 50% of 
canine mammary tumours are diagnosed as malignant and therefore, 
are expected to have an unfavourable clinical course after surgery. Many 
mammary carcinomas have progesterone receptors, evidencing the 
importance of this hormone in the development of the disease. However, 
unlike what happens in human breast cancer with respect to oestrogen 
receptors, there are no data available concerning the role of antiprogestins 
in the systemic treatment of female dogs with mammary cancer. In this 
study we have analyzed the in vivo and in vitro effects of antiprogestins 
on the proliferation of canine mammary carcinomas with progesterone 
receptors. 
 The in vivo study was performed on 27 no spayed female dogs 
(22 experimental and 5 controls) with spontaneous tumours treated 
with 2 doses of 20 mg / Kg aglepristone before surgery. Results showed 
a decrease in cell proliferation (Ki67 index, MIB- 1 antibody, ABC 
method) in tumours expressing progesterone receptors as measured by 
immunohistochemistry (PR10A9 antibody, ABC technique) and by real time 
quantitative polymerase chain reaction (RTqPCR). The latter technique 
was standardized and applied for the first time in the literature in the dog 
by using tissue samples of mammary dysplasias and tumours routinely 
processed for histopathological examination. This technique allows the 
study of both the complete progesterone receptor as well as their isoforms 
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A and B. Results showed that isoform A was the most commonly expressed 
in carcinomas as well as to be the isoform associated with the reduction in 
cell proliferation after aglepristone treatment. Another in vivo effect of this 
treatment was the decrease of both the complete progesterone receptor 
and its isoform A. 
 The in vitro study was carried out with the canine mammary 
carcinoma cell line CMT-U27 treated with 10-6M of the antiprogestins 
onapristone and mifepristone for 24 and 48 hours. Results showed a 
decrease in cell proliferation (WST-viability test 8) with both drugs at 
24 hours of treatment. CMT-U27 cells had a low immunohistochemical 
expression of progesterone receptors (25%) compatible with 
corresponding expression levels of the histological type it was isolated from 
(single carcinoma). Finally, onapristone, but not mifepristone, decreased 
progesterone receptor expression levels at 24 hours of treatment. Results 
of these studies suggest that canine mammary carcinoma cells expressing 
progesterone receptors are sensitive to the antiproliferative effects of 
antiprogestins both in vivo and in vitro. 
 
Su
m
m
ar
y
147
6. 

6. Referencias bibliográficas
- Ahern TE, Bird RC, Church Bird AE, Wolfe LG. Expression of the oncogene 
c-erbB-2 in canine mammary cancers and tumor-derived cell lines. 
American Journal of Veterinary research 57: 693-696, 1996.
- al Saati T, Clamens S, Cohen-Knafo E, Faye JC, Prats H, Coindre JM, 
Wafflart J, Caveriviere P, Bayard F, Delsol G. Production of monoclonal 
antibodies to human estrogen-receptor protein (ER) using recombinant 
ER (RER). International Journal of Cancer 55: 651-654, 1993.
- Allen SW, Prasse KW, Mahaffey EA. Cytologic differentiation of benign 
from malignant canine mammary tumors. Veterinary Pathology 23:649-
655, 1986. 
- Allred DC, Harvey JM, Berardo M, Clark GM. Prognostic and predictive 
factors in breast cancer by immunohistochemical analysis. Modern 
Pathology 11:155-168, 1998. 
- Andersen AC, Rosenblatt LS. The effect of Whole-Body X-Irradiation on 
the median lifespan of female dogs (Beagle). Radiation Research 39: 177-
200, 1969.
- Arnesen K, Gamlem H, Glattre J, Grondalen J, Moe L, Nordstoga K. 
The Norwegian canine cancer register 1990-1998. Report from the project 
“Cancer in the dog”. The European Journal of Companion Animal Practice 
11: 159-169, 2001.
- Antuofermo E, Miller MA, Pirino S, Xie J, Badve S, Mohammed SI. Spon-
taneous mammary intraepithelial lesions in dogs—a model of breast can-
cer. Cancer Epidemiological Biomarkers 16: 2247-2256, 2007.
150
- Aupperlee M, Kariagina A, Osuch J, Haslam SZ. Progestins and breast 
cancer. Breast Disease 24: 37-57, 2005.
- Badve SS, Baehner FL, Gray RP, Childs BH, Maddala T, Liu ML, Rowley 
SC, Shak S, Perez ED, Shulman LJ, Martino S, Davidson NE, Sledge GW, 
Goldstein LJ, Sparano JA. Estrogen and progesterone receptor status in 
ECOG 2197: Comparison of immunohistochemistry by local and central 
laboratories and quantitative reverse transcription polymerase chain 
reaction by central laboratory. Journal of Clinical Oncology 26: 2473-2481, 
2008.
- Bakker GH, Setyono-Han B, Portengen H, De Jong FH, Foekens JA, Klijn 
JG. Treatment of breast cancer with different antiprogestins: preclinical 
and clinical studies. The Journal of Steroid Biochemistry and Molecular 
Biology 37: 789-94, 1990.
- Bamberger AM, Milde-Langosch K, Schulte HM, Löning T. Progesterone 
receptor isoforms, PR-B and PR-A, in breast cancer: correlation with 
clinicopathologic tumor parameters and expression of AP-1 factors. 
Hormone Research 54: 32-37, 2000.
- Bardon S, Vignon E, Motcourrier P, Rochefort H.Steroid mediated 
cytotoxicity of an antiestrogen and antiprogestin in breast cancer cells. 
Cancer Res 49: 1441-1448, 1987.
- Baulieu E-E, Mester J. Steroid hormone receptors. En De Groot LJ, editor. 
Endocrinology Vol 1 Philadelphia: W.B. Saunders Co 16-39, 1989.
- Bearss JJ, Schulman FY, Carter D. Histologic, Immunohistochemical and 
Clinical Features of 27 Mammary Tumors in 18 Male Dogs. Veterinary 
Pathology 24: 602-607, 2011.
Re
fe
re
nc
ia
s 
bi
bl
io
gr
áfi
ca
s
151
- Benjamin SA, Lee AC, Saunders WJ. Classification and behavior of canine 
mammary epithelial neoplasms based on life-span observations in Beagles. 
Veterinary Pathology 36: 423-436, 1999.
- Bhatti SF, Rao NA, Okkens AC, Mol JA, Duchateau L, Ducatelle R, Van 
den Ingh TS, Tshamala M, Van Ham LM, Coryn M, Rijnberk A, Kooistra 
HS. Role of progestin induced mammary- derived growth hormone in the 
pathogenesis of cystic endometrial hyperplasia in the bitch. Domest Anim 
Endocrinol 33: 294-312, 2007.
- Borge KS, Melin M, Rivera P, Thoresen SI, Webster MT, Von Euler H, 
Lindblad-Toh K, Lingaas F. The ESR1 gene is associated with risk for canine 
mammary tumours. BMC Veterinary Research 69: 2-9, 2013.
- Bostock DE. Canine and Feline mammary neoplasms. British Veterinary 
Journal 142: 506-515, 1986.
- Breitkopf M, Hoffmann B, Bostedt H. Treatment of pyometra in bitches 
with an antiprogestin. Journal Reproduction and Fertility 51: 327-331, 
1997. 
- Brodey RS, Goldschmidt HH, Roszel JR. Canine mammary gland 
neoplasms. Journal of the American Animal Hospital Association 19: 61-
90, 1983.
- Broers JL, Bronnenberg NM, Kuijers HJ, Kuijpers HJH, Schutte B, 
Hutchison J, Ramaekers FCS. Partial cleavage of A-type lamins concurs 
with their total disintegration from the nuclear lamina during apoptosis. 
European Journal of Cell Biology 81: 677-691, 2002.
- Campos SM. Aromatase inhibitors for breast cancer in postmenopausal 
women. The oncologist, 7: 126-136, 2004.
Referencias bibliográficas
152
- Chang CC, Tsai MH, Liao JW, Chan JP, Wong ML, Chang SC. Evaluation 
of hormone receptor expression for use in predicting survival of female 
dogs with malignant mammary gland tumors. Journal of the Amercian 
Veterinary Medical Association 235: 391-396, 2009.
- Chang SC, Chang CC, Chang TJ, Wong ML. Prognostic factors associated 
with survival two years after surgery in dogs with malignant mammary 
tumors: 79 cases (1998-2002). Jounal of the American Veterinary Medical 
Association 227: 1625-1629, 2005.
- Chu LL, Rutteman GR, Kong JM, Ghahremani M, Schmeing M, Misdorp W, 
van Garderen E, Pelletier J. Genomic organization of the canine p53 gene 
and its mutational status in canine mammary neoplasia. Breast Cancer 
Research and Treatment 50: 11-25, 1998.
- Classen S, Possinger K, Pelka-Feischer R, Wilmanns W. Effect of 
onapristone and medroxyprogesterone acetate on the proliferation and 
hormone receptor concentration of human breast cancer cells.  Journal 
Steroid Biochemistry Molecular Biology 45: 315-319, 1993.
- Concannon P, Altszuler N, Hampshire J, Butler WR, Hansel W. 
Growth hormone, prolactin, and cortisol in dogs developing mammary 
nodules and an acromegaly-like appearance during treatment with 
medroxyprogesterone acetate. Endocrinology 106: 1173-1177, 1980. 
- Concannon PW, Spraker TR, Casey HW, Hansel W. Gross and 
histopathologic effects of medroxyprogesterone on the mammary glands 
of adult beagle bitches, Fertil Steril 36: 373-387,1981.
- Condon JC, Hardy DB, Kovaric K, Mendelson CR. Up-regulation of the 
progesterone receptor PRC isoform in labouring myopetrium by activation 
Re
fe
re
nc
ia
s 
bi
bl
io
gr
áfi
ca
s
153
of nuclear factor-kappaB may contribute to the onset of labor through 
inhibiton of PR function. Molecular endocrinology 20: 764-775, 2006.
- Cooley DM, Waters DJ. Skeletal metastasis as the initial clinical 
manifestation of metastatic carcinoma in 19 dogs. Journal of Veterinary 
Internal Medicine 12: 288-93, 1998.
- Cormack O, Harrison M, Kerin MJ, McCann A. Role of the progesterone 
receptor (PR) and the PR isoforms in breast cancer. Critical review oncology 
13: 283-301, 2007.
- Daniel AR, Hagan CR, Lange CA. Progesterone receptor action: defining 
a role in breast cancer. Expert Review of Endocrinology and Metabolism 
6: 359-369, 2011.
- De Mascarel I, Soubeyran I, MacGrogan G, Wafflart J, Bonichon F, Durand 
M, Avril A, Mauriac L, Trojani M, de Coindre JM. Immunohistochemical 
analysis of estrogen receptors in 938 breast carcinomas. Concordance 
with biochemical assay and prognostic significance. Applied 
Immunohistochemistry 3: 222-231, 1995.
- Dickson RB y Lippman ME. Cancer of the Breast. En: DeVita VT, Hellman 
S, Rosenberg SA (eds) Cancer: Principles and practice of Oncology, 5ª 
edición, LIppincottraven Publishers, Philadelphia, 1541-1616, 1997.
- Dobson JM, Samuel S, Milstein H, Rogers K, Wood JL. Canine neoplasia 
in the UK: estimates of incidence rates from a population of insured dogs. 
Journal of Small Animal Practice 43: 240-246, 2002.
- Dolka I, Motyl T, Malicka E, Sapierzynski R, Fabisiak M. Relationship 
between receptors for insulin-like growth factor-1, steroid hormones and 
apoptosis-associated proteins in canine mammary tumors. Polish Journal 
Referencias bibliográficas
154
of Veterinary Sciences 14: 245-251, 2011.
- Donnay I, Rauis J, Devleeschouwer N, Wouters-Ballman P, Leclercq 
G, Verstegen J. Comparison of estrogen and progesterone receptor 
expression in normal and tumor mammary tissues from dogs. American 
Journal of Veterinary Research 56: 1188-1194, 1995.
- Donnay I, Rauïs J, Verstegen J, Ectors F. Epidemiologie et 
hormonedependance des tumeurs mammaires du chien. Annales de 
Medicine Vétérinaire 133: 491-503, 1989. 
- Donnay I, Rauïs J, Wouters-Ballman P, Devleeschouwer N, Leclerq 
G, Verstegen JP. Receptors for oestrogen, progesterone and epidermal 
growth factor in normal and tumorous canine mammary tissues. Journal 
of Reproduction and Fertility. Supplement 47: 501-512, 1993.
- Dorn CR, Don T, Scheneider R, Hibbard HH. Survey of animal neoplasms 
in Alameda and Contra Costa Counties, Calif.: II. Cancer morbidity in dogs 
and cats from Alameda County. Journal of the National Cancer Institute 
40: 307-318, 1968.
- Egenvall A, Bonnett BN, Ohagen P, Olson P, Hedhammar A, von Euler H. 
Incidence of and survival after mammary tumors in a population of over 
80,000 insured female dogs in Sweden from 1995 to 2002. Preventive 
Veterinary Medicine 69:109-127, 2005. 
- Elling H, Ungemach FR. Simultaneous occurrence of receptors for 
estradiol, progesterone, and dihydrotestosterone in canine mammary 
tumors. Journal of Cancer Research and Clinical Oncology 105: 231-237, 
1983.
- Ellis J, Iturriza M, Allan R, Bermingham A, Brown K, Gray J, Brown D. 
Re
fe
re
nc
ia
s 
bi
bl
io
gr
áfi
ca
s
155
Evaluation of four real-time PCR assays for the detection of influenza A 
(H1N1) viruses. EuroSurveillance 14:1-3, 2009.
- Ellis PA, Smith IE, Detre S, Burton SA, Salter J, Hern RA,Walsh G, Johnston 
SRD, Dowset M. Reduced apoptosis and proliferation and increased Bcl-
2 in residual breast cancer following preoperative chemotherapy. Breast 
Cancer Research and Treatment 48: 107-116, 1998.
- Else R, Hannant D. Some epidemiological aspects of mammary neoplasia 
in the bitch. Veterinary Record 104: 296-304, 1979.
- Etschmann B, Wilcken B, Stoevesand K, Von der Schulenburg A, Sterner-
Kock A. Selection of reference genes for quantitative real-time PCR analysis 
in canine mammary tumors using the GeNorm Algorithm. Veterinary 
Pathology 43: 934-942, 2006.
- Evans JM, Uvarov O, Valliance DK. Hormonal control of the oestrus cycle 
in the bitch. Veterinary Record 85: 233-234, 1969.
- Fang X, Wong S y Mitchell BF. Messenger RNA for progesterone receptor 
isoforms in the late-gestation rat uterus. American Journal of Physiology 
and Endocrinological Metabolism 283: 1167-1172, 2002.
- Fitzgibbons PL, Murphy DA, Hammond ME, Allred DC, Valenstein PN: 
Recommendations for validating estrogen and progesterone receptor 
immunohistochemistry assays. Archive of Pathol and Laboratory Medicine 
134: 930-935, 2010.
- Formby B, Wiley TS. Bcl-2, surviving and variant CD44 v7-v10 are 
downregulated and P53 is upregulated in breast cancer cells by progesterone: 
inhibition of cell growth and induction of apoptosis. Molecular Cell and 
Biochemistry 202: 53-61, 1999.
Referencias bibliográficas
156
- Fowler EH, Wilson GP, Koestner A. Biologic behavior of canine mammary 
neoplasms based on a histogenetic classification. Veterinary Pathology 11: 
212-229, 1974.
- Gaddy VT, Barrett JT, Delk JN, Kallab AM, Porter AG and Schoenlein V. 
Mifepristone induces growth arrest, caspase activation, and apoptosis of 
estrogen receptor-expressing, antiestrogen-resistant breast cancer cells. 
Clinical Cancer Research 10: 5215-5225, 2004.
- Galac S, Kooistra HS, Butinar J, Bevers MM; Dieleman J, Voorhout G, 
Okkens AC. Termination of midgestation pregnancy in bitches with 
aglepristone, a progesterone receptor antagonist. Theriogenology 53: 
941-950, 2000.
- Gama A, Alves A, Schmitt F. Identification of molecular phenotypes in 
canine mammary carcinomas with clinical implications: application of the 
human classification, Virchows Archival 453: 123-132, 2008.
- Geil RG, Lamar JK: FDA studies of estrogen, progesterons, and estrogen/
progesterone combinations in the dog and monkey, Journal of Toxicology 
Enviromental Health 3: 179-193, 1977.
- Geraldes M, Gärtner F, Schmitt F. Immunohistochemical study of hormonal 
receptors and cell proliferation in normal canine mammary glands and 
spontaneous mammary tumours. The Veterinary record 146: 403-406, 
2000.
- Giles RC, Kwapien RP, Geil RG, Casey HW. Mammary nodules in beagle 
dogs administered investigational oral contraceptive steroids. Journal of 
the National Cancer Institute 60: 1351-1364, 1978.
- Goldschmidt M, Peña L, Rasotto R, Zapulli V.: Classification and grading 
Re
fe
re
nc
ia
s 
bi
bl
io
gr
áfi
ca
s
157
of canine mammary tumors, Veterinary Pathology 48: 117-131, 2011.
- Goldsmchmidt M, Shofer FS, Smelstoys JA. Neoplastic lesions of the 
mammary gland. En Mohr U, Carlton WW, Dungworth DL, editores: 
Pathology of the aging dog, Ames, Iowa, 2001, Iowa State University 
Press.
- Goussard J. Paraffin section immunocytochemistry and cytosol-based 
ligand-binding assay for ER and PR detection of breast cancer: the time 
has come for more objectivity. Cancer Letters 132: 61-66, 1998.
- Gracanin A, Gier J, Zegers K, Bominaar M, Rutteman GR, Schaefers-
Okkens AC, Kooistra HS AND Mol JA. Progesterone receptor isoforms in 
the mammary gland of cats and dogs. Reproduction in domestic animals 
47: 313.317, 2012a.
- Gracanin A, van Wolferen ME, Sartorious CA, Brenkman AB, Schoonen 
WG, Mol J. Canid progesterone receptors lack activation function 3 domain-
dependent activity. Endocrinology 153: 6104-6113, 2012b.
- Graham JC, O’Keefe DA, Gelberg HB. Immunohistochemical assay for 
detecting estrogen receptors in canine mammary tumors. American 
Journal of Veterinary Research 60: 627-630, 1999.
- Graham JD, Clarke CL. Expression and transcriptional activity of 
progesterone receptor A and progesterone receptor B in mammalian cells. 
Breast Cancer Research 4: 187-190, 2002.
- Graham JD, Clarke CL. Physiological action of progesterone in target 
tissues. Endocrinology Review 18: 502-19, 1997.
- Graham JD, Yeates C, Balleine RL, Harvey SS, Milliken JS, Bilous AM 
and Clarke CL. Characterization of progesterone receptor A and B ex-
Referencias bibliográficas
158
pression in human breast cancer. Cancer research 55: 5063-5068, 1995. 
- Greene GL, Harris K, Bravo R, Kinders R, Moore B, Nolan C. 
Purification of T47D human progesterone receptor and immunochemical 
characterization with monoclonal antibodies. Molecular Endocrinology 2: 
714-726, 1988.
- Greene GL, Nolan C, Engler JP, Jensen EU. Monoclonal antibodies to 
human estrogen receptors. Proceeding of the National Academic of 
Sciences of the USA 77: 5115-5119, 1980.
- Guil-Luna S, Sánchez-Céspedes R, Millán Y, De Andrés FJ, Rollón E, 
Domingo V, Guscetti F, Martín de Las Mulas J. Aglepristone decreases 
proliferation in progesterone receptor-positive canine mammary 
carcinomas. Journal of Veterinary Internal Medicine 25: 518-523, 2011.
- Guil-Luna S, Stenvang J, Brünner N, Sánchez-Céspedes R, Millán Y, 
Gómez-Laguna J, Martín de las Mulas J. Detection of progesterone 
receptor by qPCR analysis from formalin-fixed paraffin embedded canine 
mammary tissues. Abstract meeting. European Association of Veterinary 
Pathology, 2012.
- Hamilton JM, Else RW, Forshaw P. Oestrogen receptors in canine 
mammary tumours. Veterinary Record 101: 258-260, 1977.
- Hammond ME, Hayes DF, Wolff AC, Mangu PB, Temin S: American 
society of clinical oncology/college of american pathologists guideline 
recommendations for immunohistochemical testing of estrogen and 
progesterone receptors in breast cancer. Journal Oncology Practice 
6:195-197, 2010.
- Hayashi A, Tanabe A, Kawabe S, Hayashi M, Yuguchi H, Yamashita 
Re
fe
re
nc
ia
s 
bi
bl
io
gr
áfi
ca
s
159
Y, Okuda K, Ohmichi M. Dienogest increases the progesterone receptor 
isoform B/A ratio in patients with ovarian endometriosis. Journal Ovarian 
Research. 5: 1-8, 2012.
- Hayden DW, Barnes DM, Johnson KH. Morphologic changes in the 
mammary gland of megestrol acetate-treated and untreated cats: a 
retrospective study. Veterinary Pathology 26: 104-113, 1989.
- Heldlund CS. Mammary neoplasia. En: Small animal surgery. Fossum 
TW, editor. Mosby Elsevier, St. Louis pp, 729-735, 2007.
- Helguero LA, Viegas M, Asaithamby A, Shyamala G, Lanari C, Molinolo 
AA. Progesterone receptor expression in medroxyprogesterone acetate-
induced mammary carcinomas and response to endocrine treatment. 
Breast Cancer Research and Treatment 79: 379-390, 2003.
- Hellmén E. Characterization of four in vitro established canine mammary 
carcinoma and one atypical benign mixed tumor cell lines. In Vitro Cellular 
and Developmental Biology Animal 5: 309-319, 1992.
- Hellmén E, Lingren A. The accuracy of cytology in diagnosis and DNA 
analysis of canine mammary tumours. Journal of Comparative Pathology 
101: 443-449, 1989.
- Hellmén E, Moller M, Blankenstein MA, Andersson L, Westermark B. 
Expression of different phenotypes in cell lines from canine mammary 
spindle-cell tumours and osteosarcomas indicating a pluripotent 
mammary stem cell origin. Breast Cancer Research and Treatment 61: 
197-210, 2000.
- Hermo GA, Turic E, Angelico D, Scursoni AM, Gomez DE, Gobello C, 
Alonso DF. Effect of adjuvant perioperative desmopressin in locally 
Referencias bibliográficas
160
advance canine mammary carcinoma and its relation to histologic grade. 
Journal of American Animal Hospital Association, 47: 21-27, 2011.
- Hewitt SC, Korach KS. Progesterone action and responses in the 
alphaERKO mouse. Steroids 65: 551-557, 2000.
- Hickman JA. Apoptosis induced by anticancer drugs. Cancer Metastasis 
Review 11: 121-139, 1992.
- Hoffmann B, Schuler G. Receptor blockers - general aspects with respect 
to their use in domestic animal reproduction. Animal Reproduction 
Science 60-61: 295-312, 2000.
- Hoop TA, Weiss HL, Hilsenbeck SG, Cui Y,Allred DC, Horwitz KB, Fuqua 
SAW. Breast cancer patients with progesterone receptor PR-A-rich 
tumors have poorer disease-free survival rates. Clinical Cancer Research 
10: 2751-2760, 2004.
- Horwitz KB. The molecular biology of RU486. Is there a role for 
antiprogestins in the treatment of breast cancer? Endocrinology 
Review13: 146-163, 1992.
- Hurd C, Nag K, Khattree N, Alban P, Dinda S and Moudgil VK. Agonist 
and antagonist-induced qualitative and quantitative alterations of 
progesterone receptor from breast cancer cells. Molecular Cell and 
Biochemistry 199: 49-56, 1999.
- Itoh T, Uchida K, Ishikawa K, Kushima K, Kushima E, Tamada H, Moritake 
T, Nakao H, Shii H. Clinicopathological survey of 101 canine mammary 
gland tumors: differences between small-breed dogs and others. The 
Journal of Veterinary Medical Science 67: 45-347, 2005.
- Iverson AA, Gillet C, Cane P, Santini CD, Vess TM, Karm-Morgan L, 
Re
fe
re
nc
ia
s 
bi
bl
io
gr
áfi
ca
s
161
Wang A, Eisenberg M, Rowland CM, Hessling JJ, Broder SE, Sninsky 
JJ, Tutt A, Anderson S, Chang  SY. A single-tube quantitative assay for 
mRNA levels of hormonal and growth factor receptors in breast cancer 
specimens. Journal of Molecular Diagnosis 11: 117-130, 2009.
- Iwai M, Yasuda K, Fukuoka M, Iwai T, Takakura , Taii S, Nakanishi S, Mori 
T. Luteinizing hormone induces progesterone receptor gene expression 
in cultured porcine granulose cells. Endocrinology129: 1621-7, 1991.
- Iwasaki K, Underwood B, Herman M, Dinda S, Kodali S, Kloosterboer 
HJ, Hurd C, and Moudgil VK. Effects of antiprogestins on the rate of 
proliferation of breast cancer cells. Molecular and Cellular Biochemistry 
198: 141-149; 1999. 
- Jacobsen BM, Richer JK, Schittone SA and Horwitz KB. New human 
breast cancer cells to study progesterone receptor ratio effects and 
ligand-independent gene regulation. Journal of Biological Chemistry 
277: 27793-27800, 2002.
- Johnson CM, Yang S, Sellins KS et al. Selection of HPRT primers as 
controls for determination of mRNA expression in dogs by RT-PCR. 
Veterinary Immunology and immunopathology 99: 47-51, 2004.
- Jordan VC. The 38th David A. Karnofsky lecture: the paradoxical 
actions of estrogen in breast cancer-survival or death? Journal of Clinical 
Oncology 26: 3073-3082, 2008
- Karayannopoulou M, Kaldrymidou E, Constantinidis TC, Dessiris A. 
Adjuvant post-operative chemotherapy in bitches with mammary cancer. 
Journal of Veterinary Medicine A Physiology, Pathology and Clinical 
Medicine 48: 85-96, 2001.
Referencias bibliográficas
162
- Kariagina A, Aupperlee MD, Haslam SZ. Progesterone receptor isoform 
functions in normal breast development and breast cancer. Critical 
Review Eukaryot Gene expression. 18: 11-33, 2008.
- Kastner P, Krust A, Turcotte B, Stropp U, Tora L, Gronemeyer H 
and Chambon P. Two distinct estrogen regulated promoters generate 
transcripts encoding the two functionally different human progesterone 
receptor forms A and B. EMBO Journal 9: 1603-1614, 1990.
- Kay A, Higgins J, Day AG, Meyer RM, Booth CM. Randomized controlled 
trials in the era of molecular oncology: methodology, biomarkers, and 
end points. Annals of Oncology 2: 1646-1651, 2011. 
- Keller SM, Schade B, Rickenbacher AB, Brugnera E, Wergin MC, Müller 
EJ, Suter MM, Guscetti F. A comprehensive test system to identify 
suitable antibodies against p53 for immunohistochemical analysis of 
canine tissues. Journal of Comparative Pathology 137: 59-70, 2007.
- Klijn JG, Setyono-Han B and Foekens JA. Progesterone antagonists and 
progesterone receptor modulators in the treatment of breast cancer. 
Steroids 65: 825-830, 2000.
- Klopfleisch R, Gruber AD: Increased expression of BRCA2 and RAD51 
in lymph node metastases of canine mammary adenocarcinomas, 
Veterinary Pathology 46: 416-422, 2009.
- Knoop AS, Rasmussen BB. Prognostic and predictive factors for 
endocrine treatment in breast carcinoma. Ugeskr Laeger 36: 2997-2999, 
2007. 
- Kristiansen VM, Nodtvedt A, Breen AM, Langeland M, Teige J, Goldschmidt 
M, Jonasdottir TJ, Grotmol T, Sorenmo K. Effect of ovariohysterectomy 
Re
fe
re
nc
ia
s 
bi
bl
io
gr
áfi
ca
s
163
at the time of tumor removal in dogs with benign mammary tumors 
and hyperplastic lesions: a randomized controlled clinical trial. Journal of 
Veterinary Internal Medicine, 27: 935-942, 2013.
- Król M, Pawlowski KM, Skierski J, Rao NAS, Hellmen E, Mol JA, Motyl 
T Transcriptomic profile of two canine mammary cancer cell lines with 
different proliferative and anti-apoptotic potencial. Journal of Physiology 
and Pharmacology 60: 95-106, 2009.
- Król M, Pawłowski KM, Skierski J, Turowski P, Majewska A, Polańska 
J, Ugorski M, Morty RE, Motyl T. Transcriptomic “portraits” of canine 
mammary cancer cell lines with various phenotypes. Journal of Applied 
Genetic 51: 169-83, 2010.
- Kurita TK, Cooke PS, Lydon JP y Cunha GR. Paracrine regulation of 
epithelial progesterone receptor and lactoferrin by progesterone in the 
mouse uterus. Biological Reproduction. 62: 831-838, 2000.
- Kwapien RP, Giles RC, Geil RG, Casey HW. Malignant mammary tumors 
in beagle dogs dosed with investigational oral contraceptive steroids. 
Journal of the National Cancer Institute 65: 137-144, 1980.
- Lana SE, Rutteman GR, Withrow SJ. En Withtrow and MacEwen´s 
Small Animal Clinical Oncology (4ª Edición). Philadelphia, EEUU, W.B. 
Saunders Elsevier: 619-636, 2007. 
- Lanari C, Wargon V, Rojas P, Molinolo AA. Antiprogestins in breast 
cancer treatment: are we ready? Endocrinology-Related Cancer 19: 35-
50, 2012.
- Lange CA y Yee D. Progesterona y cáncer de mama. Revista del 
climaterio 12: 153-165, 2009.
Referencias bibliográficas
164
- Lange CA, Shen T, Horwitz KB. Phosphorylation of human progesterone 
receptors at serine-294 by mitogen-actived protein kinase signals 
their degradation by the 26S proteasome. Proceedings of the National 
Academy of Sciences;97: 1032-1037, 2000.
- Latingan-van Leeuwen IS, van Garderen E, Rutteman GR, Mol JA. 
Cloning and cellular localization of the canine progesterone receptor: 
co-localization with growth hormone in the mammary gland. The Journal 
of Steroid Biochemistry and Molecular Biology 75: 219-228, 2000.
- Leslie KK, Stein MP, Kumar NS, Dai D, Stephens J, Wandinger-Ness A, 
Glueck DH. Progesterone receptor isoform identification and subcellular 
localization in endometrial cancer. Gynecological Oncology 96: 32-41, 
2005.
- Li R, Ni J, Bourne PA, Yeh S, Yao J, di Sant’Agnese PA, Huang J. Cell 
culture block array for immunocytochemical study of protein expression in 
cultured cells. Applied Immunhistochemistry and Molecular Morphology 
13: 85-90, 2005.
- Li X and O´Malley BW, Unfolding the action of progesterone receptors. 
Journal of Biological Chemistry 278: 39261-39264. 2003.
- Liang Y, Hou M, Kallab AM, Barret JT, El Etreby F, Schoenlein PV. Induction 
of antiproliferation and apoptosis in estrogen receptor negative MDA-
231 human breast cancer cells by mifepristone and 4-hydroxytamoxifen 
combination therapy: a role for TGFbeta 1. International Journal of 
Oncology 223: 369-380, 2003.  
- Lin VC-L, Aw SE, Ng EH, Tan MG-K. Demonstration of mixed properties 
of RU486 in progesterone receptor (PR)-transfected MDA-MB-231 cells: 
Re
fe
re
nc
ia
s 
bi
bl
io
gr
áfi
ca
s
165
a model for studying the fuctions of progesterone analogues. British 
Journal of Cancer 85: 1978-1986, 2001.
- Lin VC and Leo JC. The effects of progesterone receptor isoforms are 
differentially regulated by putative antiprogestins in breast cancer cells. 
Abstract meeting AACR. Proceedings of the American Association of 
Cancer Research, 47, 2006.
- Livak KJ and Schmittgen D. Analysis of relative gene expression data 
using real-time quantitative PCR and the 2-∆∆Ct method. Methods 25: 
402.408, 2001.
- Lombardi P, Florio S, Pagnini U, Crispino A, Avallone L. Ovarian function 
suppression with a GnRH analogue. D-ser(But[t])[6]-Arzgly[10]-LHRH 
(Goserelin) in hormone dependent canine mammary cancer. Journal of 
Veterinary Pharmacology and Therapeutics 22: 56-61, 1999.
- Lydon JP, Ge G, Kittrell FS, Medina D, O´Malley BW. Murine mammary 
gland carcinogenesis is critically dependent on progesterone receptor 
function. Cancer Research 59: 4276-4284, 1999.
- MacEwen EG, Harvey HJ, Patnaik AK, Mooney S, Hayes A, Kurzman I, 
Hardy WD Jr. Evaluation of effects of levamisole and surgery on canine 
mammary cancer. Journal of Biological Response Modifier 4: 418-426, 
1985.
- MacEwen EG, Patnaik AK, Harvey HJ, Panko WB. Estrogen receptors in 
canine mammary tumors. Cancer Research 42: 2255-2259, 1982.
- MacGrogan G, Soubeyran I, de Mascarel I, Wafflart J, Bonichon F, 
Durand M, Avril A, Maurac L, Trojani M, Coindre JM. Immunohistochemical 
Detection of Progesterone Receptors in Breast Invasive Ductal 
Referencias bibliográficas
166
Carcinomas. Applied Immunohistochemistry 4: 219-227, 1996.
- Madewell BR, Theilen GH. Tumors of the mammary gland. En: Theilen 
GH., Madewell BR., eds. Veterinary cancer medicine. Philadelphia: Lea & 
Febiger, 327-344, 1987.
- Manzel O, Wurm S, Ueberschär S, Hoppen H-O. Estrogen and 
Progesterone receptors in histologic sections of canine mammary 
tumours in correlation to histologic type. 13th European Congress of 
Veterinary Pathology, ESVP, Edinburgh 27-30 Septembre, 1995.
- Marconato L, Romanelli G, Stefanello D, Giacoboni C, Bonfanti U, Bettini 
G, Finotello R, Verganti S, Valenti P, Ciaramella L, Zini E. Prognostic factors 
for dogs with mammary inflammatory carcinoma: 43 cases (2003-2008). 
Journal of the American Veterinary Medical Association 235: 967-972, 
2009.
- Martín de las Mulas J, Millán Y, Bautista MJ, Pérez J, Carrasco L. 
Oestrogen and progesterone receptors in feline fibroadenomatous 
change: an immunohistochemical study. Research in Veterinary Science 
68: 15-21, 2000b.
- Martín de las Mulas J, Millán Y, Dios R. A prospective analysis of 
immunohistochemically determined estrogen receptor alpha and 
progesterone receptor expression and host and tumor factors as 
predictors of disease-free period in mammary tumors of the dog. 
Veterinary Pathology 42: 200-212, 2005.
- Martin de las Mulas J, Ordás J, Millán Y, Fernández-Soria V, Ramón 
y Cajal S. Oncogene HER-2 in canine mammary gland carcinomas: 
an immunohistochemical and chromogenic in situ hybridization study. 
Re
fe
re
nc
ia
s 
bi
bl
io
gr
áfi
ca
s
167
Breast Cancer Research and Treatment 80: 363-367, 2003.
- Martín de las Mulas J, van Niel M, Millan Y, Blankenstein MA, van Mil 
F, Misdorp W. Immunohistochemical analysis of estrogen receptors in 
feline mammary gland benign and malignant lesions: comparison with 
biochemical assay. Domestic Animals Endocrinology 18: 111-125, 2000a.
- Martín de las Mulas J, Ordás J, Millán MY, Espinosa de los Monteros 
A, Reymundo C. Spontaneous basaloid adenomas of the mammary 
gland in four dogs: clinicopathologic and immunohistochemical features. 
Veterinary Pathology 39: 739-743, 2002.
- Martin PM, Cotard M, Mialot JP, Andre F, Raynaud J-P. Animal models for 
hormone-dependent human breast cancer. Relationship between steroid 
receptor profiles in canine and feline mammary tumors and survival rate. 
Cancer Chemotherapy and Pharmacology 12: 13-70, 1984.
- Maudelonde T, Romieu G, Ulmann A, Pujol H, Grenier J, Khalaf S, 
Cavalie G, Rochefort H. First clinical trail on the use of the antiprogestin 
RU486 in advanced breast cancer. En: Hormonal manipulation of Cancer: 
Peptides, Growth factors and new antisteroidal Agents 55-72, 1987.
- McCarty KS, Miller LS, Cox EB, Konrath J, McCarty KS. Estrogen receptor 
analyses. Correlation of biochemical and immunohistochemical methods 
by using monoclonal antireceptor antibodies. Archival Pathology of 
Laboratory Medicine 109 : 716-21, 1985. 
- Mialot JP, Andre F, Martin PH, Cotard MP, Raynaud JP. Etude des 
recepteurs des hormones steroides dans les tummeurs mammaires de 
la chienne. I: Mise en evidence, caracterisation et relation avec le type 
histologique. Recueil de Medicine Vétérinaire 158: 215-221, 1982a.
Referencias bibliográficas
168
- Mialot JP, Andre F, Martin PH, Cotard MP, Raynaud JP. Etude des 
recepteurs des hormones steroides dans les tummeurs mammaires de la 
chienne. II: Correlation avec quelques caractéristiques cliniques. Recueil 
de Medicine Vétérinaire 158: 513-521, 1982b.
- Millanta F, Calandrella M, Bari G, Niccolini M, Vannozzi I, Poli A. 
Comparison of steroid receptor expression in normal, dysplastic, and 
neoplastic canine and feline mammary tissues. Research in Veterinary 
Science 79: 225-232, 2005. 
- Miller WR, White S, Dixon JM et al. Proliferation, steroid receptors and 
clinical/pathological response in breast cancer treated with letrozole. 
British Journal of Cancer 94: 1051-1056, 2006.
-  Misdorp W. Canine mammary tumours: protective effect of late 
ovariectomy and stimulating effecto progestins. Veterinary Quarterly 10: 
26-33, 1988.
- Misdorp W. Progestagens and mammary tumours in dogs and cats. 
Acta Endocrinologica (Copenh) 125: 27-31, 1991.
- Misdorp W: Tumors of the Mammary Gland. En: Tumors in Domestic 
Animals. D.J. Meuten, editores. Iowa State Press, Ames, Iowa. 4ª 
Edición: 575-606, 2002.
- Misdorp, W., Else, R. W., Hellmén, E. and Lipscomb, T. P. Histological 
Classification of Mammary Tumors of the Dog and the Cat. Armed Forces 
Institute of Pathology and the American Registry of Pathology and The 
World Health Organization Collaborating Center for Worldwide Reference 
on Comparative Oncology, Washington, D.C., USA, Capítulo 7: 11-29, 
1999.
Re
fe
re
nc
ia
s 
bi
bl
io
gr
áfi
ca
s
169
- Monson KR, Malbica JO, Hubben K. Determination of estrogen receptors 
in canine mammary tumors. American Journal of Veterinary research 38: 
1937-1939, 1987.
- Moore MR. A rationale for inhibiting Progesterone-Related pathways 
to combat breast cancer. Current Cancer Drug Targets 4:183-189, 2004.
- Morris JS, Dobson JM, Bostock DE, O’Farrel E. Effect of ovariohysterectomy 
in bitches with mamary neoplasia. Veterinary Record 142: 656-658, 
1998.
- Morris JS, Dobson JM, Bostock DE. Use of tamoxifen in the control of 
canine mammary neoplasia. Veterinary Record 133: 539-542, 1993.
- Mote P, Bartow S, Tran N et al. Loss of co-ordinate expression of 
progesterone receptors A and B is an early event in breast carcinogenesis. 
Breast Cancer Research and Treatment. 72: 163-172, 2002.
- Mote PA, Johnston JF, Manninen T, Tuohimaa P, Clarke CL. Detection of 
progesterone receptor form A and B by immunohistochemical analysis. 
Journal of Clinical Pathology 54:624-630, 2001.
- Moore MR. A rationale for inhibiting progesterone related pathways to 
combat breast cancer. Current Cancer Drug Targets 4: 183-189, 2004.
- Moulton JE, Rosenblatt LS, Goldman M. Mammary tumours in a colony 
of Beagle dogs. Veterinary Pathology 23: 741-749, 1986.
- Moulton JE, Taylor DON, Dorn CR, Andersen AC. Canine mammary 
tumours. Veterinary Pathology 7: 289-320, 1970.
- Moulton JE: Tumors of the mammary gland. En: Moulton JE., editor. 
Tumors of domestic animals. Berkeley: University of California Press Ltd., 
518-552, 1990.
Referencias bibliográficas
170
- Mouser P, Miller MA, Antuofermo E, Badve SS, Mohammed SI.b Preva-
lence and classification of spontaneous mammary intraepithelial lesions 
in dogs without clinical mammary disease. Veterinary Pathology 47: 
275-284, 2010. 
- Mulac-Jericevic B, Conneely OM: Reproductive tissue selective actions 
of progesterone receptors. Reproduction 128: 139-146, 2004.
- Navo MA, Smith A, Gaikwad A, Burke T, Brown J, Ramondetta LM. 
In vitro evaluation of the growth inhibition and apoptosis effect of 
mifepristone (RU486) in human Ishikawa and HEC1A endometrial cancer 
cell lines. Cancer Chemother Pharmacol 62: 483-489, 2008.
- Neubauer H, Yang Y, Seeger H, Fehm T, Cahill MA, Tong X, Ruan X and 
Mueck AO. The presence of a membrane-bound progesterone receptor 
sensitizes the estradiol-induced effect on the proliferation of human 
breast cancer cells. Menopause 18: 845-850, 2011.
- Nieto A, Peña L, Pérez-Alenza MD, Sánchez MA, Flores JM, Castaño 
M. Immunohistologic detection of estrogen receptor alpha in canine 
mammary tumors: clinical and pathologic associations and prognostic 
significance. Veterinary Pathology 37: 239-247, 2000.
- Nolan T, Hands RE, Bustin SA. Quantification of mRNA using real-time 
RT-PCR. Nature Protocol. 1:1559-1582, 2006.
- Novosad CA. Principles of treatment for mammary gland tumors. 
Clinical Technics in Small Animal Practice 18: 107-109, 2003.
- Ocón-Grove OM, Maddineni S, Hendricks GL, Elkin RG, Proudman 
JA, Ramachandran R. Pituitary progesterone receptor expression and 
plasma gonadotrophin concentrations in the reproductively dysfunctional 
Re
fe
re
nc
ia
s 
bi
bl
io
gr
áfi
ca
s
171
mutant restricted ovulator chicken. Domestic animal endocrinology, 32: 
201-215, 2007.
- Oda M, Arihiro K, Kataoka T et al. Comparison of immunohistochemistry 
assays and real-time reverse transcription-polymerase chain reaction for 
analyzing hormone receptor status in human breast carcinoma. Pathology 
International 60: 305-315, 2010.
- Page DL, Dupont WD. Anatomic markers of human premalignancy and 
risk of breast cancer. Cancer 66, 1326-1335, 1990.
- Pandey PJ, Saidou J, Watabe K. Role of myoepithelial cells in breast 
tumor progression. Front Biosci-Landmrk. 1:226-236, 2011.
- Parodi AL, Mialot JP, Martin PM, Cotard M, Raynaud JP. Canine and 
feline mammary cancers as animal models for hormone-dependent 
human breast tumors: Relationships between steroid receptor profiles 
and survival rates. Progress in Cancer Research and Therapy 31: 357-
365, 1984.
- Pawłowski KM, Popielarz D, Szyszko K, Gajewska M, Motyl T, Król M 
Growth hormone receptor (GHR) RNAi decreases proliferation and 
enhances apoptosis in CMT-U27 canine mammary carcinoma cell line. 
Veterinary and Comparative Oncology 10: 2-15, 2012.
- Peña L, Perez-Alenza MD, Rodriguez-Bertos A, Nieto A. Canine inflammatory 
mammary carcinoma: histopathology, immunohistochemistry and clinical 
implications of 21 cases. Breast Cancer Research and Treatment 78, 141-
148 2003a.
- Peña L, Silvan G, Perez-Alenza MD, Nieto A, Illera JC. Steroid hormone 
profile of canine inflammatory mammary carcinoma: a preliminary study. 
Referencias bibliográficas
172
Journal of steroid biochemistry and molecular biology 84, 211-216, 
2003b.
-Penland S, Keku TO, Torrice Ch et al. RNA expression analysis of 
formalin-fixe paraffin-embedded tumors. Laboratory Investigation. 87: 
283-391, 2007.
- Pérez-Alenza MD, Peña L, del Castillo N, Nieto L. Factors influencing 
the incidence and prognosis of canine mammary tumours. Journal of 
Small Animal Practice 41: 287-291, 2000.
- Pérez-Alenza MD, Tabanera E, Peña L. Inflammatory mammary 
carcinoma in dogs: 33 cases (1995-1999). Journal of American Veterinary 
Medical Association 15: 1110-1114, 2001.
- Pérez-Alenza MD, Rutteman GR, Peña L, Beynen AC. Relation between 
habitual diet and canine mammary tumors in a case-control study. 
Journal of Veterinary Internal Medicine 12: 132-139, 1998.
- Philibert JC, Snyder PW, Glickman N, Glickman LT, Knapp DW, Waters 
DJ. Influence of host factors on survival in dogs with malignant mammary 
gland tumors. Journal of Veterinary Internal  Medicine 17: 102-106, 
2003.
- Rao NAS, Van Wolferen ME, Gracanin A, Bhatti SFM, Krol M, Holstege 
FC, Mol JA. Gene expression profiles of progestin-induced canine 
mammary hyperplasia and spontaneous mammary tumors. Journal of 
Physiology and Pharmacology 60 73–84, 2009.
- Rekawiecki R, Kowalik MK, Slonina D, Kotwica J. Regulation of 
progesterone synthesis and action in bovine corpus luteum. Journal of 
Physiology and Pharmacology 59: 75-89, 2008.
Re
fe
re
nc
ia
s 
bi
bl
io
gr
áfi
ca
s
173
- Richer JK, Jacobsen BM, Manning NG, Abel MG, Wolf DM and Horwitz 
KB. Differential gene regulation by the two progesterone receptor 
isoforms in human breast cancer cells. Journal Biochemical Chemistry. 
7: 5209-5218 2002.
- Riggio M, Giulianelli S, Wargon V, Novaro V, Lanari C. The ratio of 
progesterone receptor isoforms predicts progestin and antiprogestin 
response: Interaction of PR with  AIB1 or SMRT. Abstract meeting. 
Proceeding of American Association of Cancer Research, 2013. 
- Rivera P and Von Euler H. Molecular Biological aspects on canine and 
human mammary tumors. Veterinary Pathology 48: 132-146, 2011.
- Rivera P, Melin M, Biagi T et al. Mammary tumor development in dogs 
is associated with BRCA1 and BRCA2. Cancer research 69: 8770-8774, 
2009.
- Robbins SL, Cotran RS, Kumar V, Collins T. En Pathologic basis of 
disease.  Philadelphia: WB Saunders Co, 433-452, 1999.
- Rollón E. Correlación citohistológica en el diagnóstico de tumores 
caninos y felinos. Tesis doctoral, 2003.
- Rollón E, Millán Y, De las Mulas JM. Effects of aglepristone, a progesterone 
receptor antagonist, in a dog with a vaginal fibroma. Journal of Small 
Animal Practice 49:41-43, 2008.
- Rosai J. Ackerman’s surgical pathology (8th ed.). St. Louis: Mosby, 2: 
1565-1660, 1996.
- Rungsipipat A, Tateyama S, Yamaguchi R, Uchida K, Miyoshi N, Hayashi 
T. Immunohistochemical analysis of c-yes and c-erbB-2 oncogene 
products and p53 tumor supressor protein in canine mammary tumors. 
Referencias bibliográficas
174
Journal of Veterinary Medical Sciences 61: 27-32, 1999.
- Rutteman GR, Misdorp W, Blankenstein MA, van den Brom WE. 
Oestrogen (ER) and progestin receptors (PR) in mammary tissue of the 
female dog: Different receptor profile in non-malignant and malignant 
states. British Journal of Cancer 58: 594-599, 1988.
- Rutteman GR. Contraceptive steroids and the mammary gland: Is there 
a hazard? Breast Cancer Research and Treatment 23: 29-41, 1992.
- Rutteman GR. Hormones and mammary tumour disease in the female 
dog: An update. In vivo 4: 33-40, 1990. 
- Saba CF, Rogers KS, Newman SJ, Mauldin GE, Vail DM. Mammary gland 
tumors in male dogs. Journal of Veterinary Internal Medicine 21: 1056-
1059, 2007.
- Sartin E, Barnes S, Toivio-Kinnucan M, Wright JC, Wolfe LG. Heterogenic 
properties of clonal cell lines derived from canine mammary carcinomas 
and sensitivity to tamoxifen and doxorubicin. Anticancer Research 13: 
229-236, 1993.
- Sartorious CA, Melville MY, Hovland AR, Tung L, Takimoto GS and 
Horwitz KB. A third transactivation function (AF3) of human progesterone 
receptors located in the unique N-terminal segment of the B isoform. 
Molecular endocrinology. 10, 1347-1360, 1994.
- Schneider MR, Michna H, Nishino Y, el Etreby MF. Antitumor activity 
and mechanism of action of different antiprogestins in experimental 
breast cancer models. The Journal of Steroid Biochemistry and Molecular 
Biology 37: 783-787, 1990.
- Schneider R, Dorn CR, Taylor D. Factors influencing canine mammary 
Re
fe
re
nc
ia
s 
bi
bl
io
gr
áfi
ca
s
175
tumor development and postsurgical survival. Journal of the National 
Cancer Institute 43: 1249-1261, 1969.
- Schneider R. Comparison of age, sex and incidence rates in human and 
canine breast cancer. Cancer (Phila) 26: 419-426, 1970.
- Schneider R. Epidemiologic studies of cancer in man and animals 
sharing the same environment. Third Quadrennial Conference of Cancer 
Epidemiology, 1377-1387, 1976. 
- Selman PJ, Mol JA, Rutteman GR, van Garderen E, Rijnberk A. Progestin-
induced growth hormone excess in the dog originates in the mammary 
gland. Endocrinology 134: 287-292, 1994.
- Selman PJ,Van Garderen E, Mol JA, Van den INgh TS.Comparison of 
the histological changes in the dog after treatment with the progestins 
medroxyprogesterone acetate and proligestone. Veterinary Quartery 17: 
128-133, 1995.
- Sonnenschein EG, Glickman LT, Goldschmidt MH, McKee LJ. Body 
conformation, diet and risk of breast cancer in pet dogs: A case-control 
study. American Jorunal of Epidemiology 133: 694-703, 1991.
- Sorenmo KU, Deanna RW, Goldschmidt MH. En Withtrow and 
MacEwen´s Small Animal Clinical Oncology (5ª Edición). Philadelphia, 
EEUU, W.B. Saunders Elsevier: 538-556, 2013. 
- Sorenmo KU, Shofer FS, Goldschmidt MH. Effect of spaying and timing 
of spaying on survival of dogs with mammary carcinoma. Journal of 
Veterinary Internal Medicine 14: 266-270, 2000.
- Støvring M, Moe L, Glattre E. A population-based case-control study 
of canine mammary tumors and clinical use of medroxiprogesterone 
Referencias bibliográficas
176
acetate. APMIS 105: 590-596, 1997.
- Susanek SJ, Allen TA, Hoopers J, Withrow SJ, Macy DW. Inflammatory 
mammary carcinoma in the dog. Journal of the American Animal Hospi-
tal Association 19: 971:974, 1983.
- Tieszen CR, Goyeneche AA, Brandhagen BN, Ortbahn CT, Telleria 
CM. Antiprogestin mifepristone inhibits the growth of cancer cells of 
reproductive and non-reproductive origin regardless of progesterone 
receptor expression. BMC Cancer 11: 207-219, 2011.
- Toniti W, Buranasinsup S, Kongcharoen A, Charoonrut P, Puchadapirom 
P, Kasorndorkbua C. Immunohistochemical determination of estrogen 
and progesterone receptors in canine mammary tumors. Asian Pacific 
Journal of Cancer Prevention 10: 907-911, 2009. 
- Tseng L y Zhu HH. Regulation of progesterone receptor Messenger 
ribonucleic acid by progestin in human endometrial stromal cells. Biology 
Reproduction. 57: 1360-1366, 1997.
- Turgeon JL, Waring DW. Differential expression and regulation of 
progesterone receptor isoforms in rat and mouse pituitary cells and LβT2 
gonadotropes. Journal of endocrinology. 190: 837-846, 2006.
- Ungemach EH. Simultaneous occurrence of receptors for estradiol, 
progesterone, and dihydrotestosterone in canine mammary tumors. 
Journal of Cancer Research in Clinical Oncology 105: 231-237, 1983.
- Vanzulli SI, Sodat R, Meiss R, Colombo L, Molinolo AA, Lanari C. 
Estrogen or antiprogestin treatment induces complete regression of 
pulmonary and axillary metastases in an experimental model of breast 
cancer progression. Carcinogenesis 26: 1055-1063. 2005.
Re
fe
re
nc
ia
s 
bi
bl
io
gr
áfi
ca
s
177
- Vegeto E, Shahbaz MM, Wen DX et al. Human progesterone receptor 
A form is a cell- and promoter-specific repressor of human progesterone 
receptor B function. Molecular Endocrinology. 7:1244-1255, 1993.
- Veldhoen N, Watterson J, Brash M, Milner J. Identification of tumour-
associated and germ line p53 mutations in canine mammary cancer. 
British Journal of Cancer 81: 409-415, 1999.
- Vienonen A, Syvala H, Miettinen S, Tuohimaa P, Ylikomi T. Expression 
of progesterone receptor isoforms A and B is differentially regulated by 
estrogen in different breast cancer cell lines. Journal Steroid Biochemical 
Molecular Biology 80: 307-313, 2002.
- Wargon V, Helguero LA, Bolado J, Rojas P, Novaro V, Molinolo A, Lanari 
C. Reversal of antiprogestin resistance and progesterone receptor 
isoform ratio in acquired resistan mammary carcinomas. Breast cancer 
research and treatment 116: 449-460, 2009.
- Wargon V, Fernandez SV, Goin M, Giulianielli S, Russo J, Lanari C. 
Hypermethylation of the progesterone receptor A in constitutive 
antiprogestin-resistant mouse mammary carcinomas. Breast cancer 
research and treatment 126: 319-332, 2011.
- Wehrend A, Hospes R, Gruber AD. Treatment of feline mammary 
fibroadenomatous hyperplasia with a progesterone-antagonist. 
Veterinary Record 148: 346-347, 2001.
- Wei LL; Norris BM, Baker CJ. An N-terminally truncated third 
progesterone receptor protein. PRC, forms heterodimers with PRB but 
interferes in PRB-DNA binding. Journal Steroid Biochemical Molecular 
Biology 62: 287-297, 1997.
Referencias bibliográficas
178
- Yamagami T, Kobayashi T, Takahashi K, Sugiyama M. Influence of 
ovariectomy at the time of mastectomy on the prognosis for canine 
malignant mammary tumours. Journal of Small Animal Practice 37: 462-
464, 1996.
- Yang WY, Liu CH, Chang CJ et al. Proliferative activity, apoptosis and 
expression of oestrogen receptor and Bcl-2 oncoprotein in canine mammary 
gland tumours. Journal Comparative Pathology  2006;134:70-79.
- Zhang PJ, Zhao J, Li HY, Hong Man J, He K, Zhou T, Pan X, Li A, Gong 
W, Jin BF, Xia Q, Yu M, Shen BF and Zhan XM. Cue domain containing 2 
regulates degradation of progesterone receptor by ubiquitin-proteasome. 
Embo Journal 26: 1831-184, 2007.
 
Re
fe
re
nc
ia
s 
bi
bl
io
gr
áfi
ca
s
179
7. 

ABC: Complejo avidina-biotina-peroxidasa
ADN: Ácido desoxirribonucleico
ARNm: Ácido ribonucleico mensajero
BRCA1: gen “cáncer de mama 1”
BRCA2: gen “cáncer de mama 2” 
C-erb-2: Receptor 2 del factor de crecimiento epidérmico humano
DBD: Dominio de unión a ADN
DCC: Dextran-coated charcoal
DMBA: Dimetilbenzantraceno
ESR1: Receptor de estrógenos 1
GH: Hormona de crecimiento
GnRH: Hormona liberadora de gonadotropinas
IHQ: Inmunohistoquímica
LBD: Dominio de unión a ligando
OMS: Organización Mundial de la Salud
P: Progesterona
P21: Proteína tumoral 21
P27: Proteína tumoral 27
P53: Proteína tumoral 53
RE: Receptor de estrógenos
RP: Receptor de progesterona
RPA: Isoforma A del receptor de progesterona
RPB: Isoforma B del receptor de progesterona
RPC: Isoforma C del receptor de progesterona
RT-qPCR: Reacción en cadena de la polimerasa cuantitativa en tiempo real
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A260: Absorbance at 260 nm
ABC: Avidin-Biotin-Peroxidase Complex
AI: Apoptotic index
BLAST: Basic Local Alignment Search Tool
CMT: Canine mammary tumors
Ct: Cycle threshold
CV: Coefficient of variation
DNA: Deoxyribonucleic acid
E: Efficiency
ER: Estrogen receptor
FFPE: Formalin-fixed, paraffin embedded
H&E: Haematoxylin and eosin
h: Hours
HPTR1: Hypoxanthine phosphoribosyl-transferase 1
IHC: Immunohistochemistry
M: Molar
mg: Milligrams
mL: Milliliters
mRNA: Messenger ribonucleic acid
P: Progesterone
PBS: Phosphate buffered saline
PI: Proliferation index
PR: Progesterone receptor
PRA: Progesterone receptor isoform A
PRB: Progesterone receptor isoform B
RPL32: Canine ribosomal protein L32
RPMI: Roswell Park Memorial Institute
RT-qPCR: Real time quantitative polymerase chain reaction
RU486: Mifepristone
RU534: Aglepristone
SD: Standard deviation
TUNEL: Terminal deoxynucleotidyl tranferase-mediated dUTP nick 
end labeling
ZK299: Onapristone
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